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ABSTRACT 

We describe the results of a mJy-sensitivity, VLA survey of roughly 1 square degree near the Galactic 
center at 6 and 20 cm. Catalogs of compact and filamentary structures are given and compared to 
previous surveys of the region. Eight of the unusual, nonthermal radio filaments are detected in 6 cm 
polarized emission; three of these are the first such detections, confirming their nonthermal nature. 
This survey found emission from a filament at (l,b)=(359. 1,0.75), or a projected distance from Sgr 
A* of 200 pc, greatly extending the latitude range observed with such features. There is also new 
evidence for spatial gradients in the 6/20 cm spectral indices of some filaments and we discuss models 
for these gradients. In studying compact sources, the combination of spectral index and polarization 
information allows us to identify pulsar candidates and compact H II regions in the survey. There 
is also some evidence that the flux measurements of compact sources may be affected by electron 
scattering from the interstellar medium in the central few hundred parsecs of the Galaxy. 
Subject headings: Galaxy: center — surveys — radio continuum: general 



1. INTRODUCTION 

Th e Galactic center (GC), at a distance of roughly 8 
kpc ( |Rdd|[l993| , offers us a unique view of the complex 
and dynamic world of galactic nuclei. The central 2? 5 
of the Galaxy includes 5-10 % of Galaxy's molecular gas 
and star formation activity (Morris & Serabyn 19961, so 
it is populated w ith rare ob jects lik e non thermal radio 



filam ents (NRFs; Yusef-Zadeh et al.| 1984 ), com pact ob- 
jects ( Muno et al.||2005 ), compact H II regions (|Gray e t| 



|al.||199"3 ), and supernova remnants ( Brogan et aE| 2003 ) . 
However, as the nearest Galactic nucleus, the GC pro- 
vides a unique opportunity to understand the unusual 
phenomena found in the centers of other galaxies. 

Interferometric radio observations are especially use- 
ful in studying the GC region, since they are less ham- 
pered by confusion. Recent technological changes, such 
as new imaging algorithms and receivers, have enabled 
more sensiti ve, systematic study over a wider range of 



wavel engths ( |Gray||1994| |Brogan et aL|2003| |Nord et al. 
2004) . In Yusef-Zacleh et al. (2004, hereafter "Paper I"), 



we presented a comprehensive, 20 cm, imaging survey 
of the GC region. That effort applied the latest imaging 
algorithms to archived and new VLA data, creating high- 
fidelity images of the GC region. However, that work was 
limited to one frequency and did not discuss polarization, 
so we were motivated to expand on Paper I with new, 6 
and 20 cm polarized continuum surveys of a roughly 1 
degree square region, just north of the GC. Since ra- 
dio continuum studies at cm wavelengths are sensitive to 
both thermal and nonthermal processes, a spectral in- 
dex study can measure their relative contributions and 
constrain basic paramet ers, such as superno va rates and 
star- formation activity ( Hughes et al.||2007 ). 
One focus of this work is on the unusual INRFs, the long 
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(tens of parsecs) 

at radio wavelengths (Yusef-Zadeh et al 



polar ized filamentary structu res seen 
^19841. These 



filaments are observed only in the GC region, but are 
found there in abundance, with about 15 known and sev- 
eral doz en candidates in the central two degrees of the 
Galaxy ( Nord et al.|2004 Paper I) . The nonthermal spec- 
tra and linearly-polarized radio emission from the NRFs 
indicate that they emit synchrotron radiation. However, 
the manner in which the magnetic field in NRFs is am- 
plified and h ow their electrons are accelerated is sti l l de 
bated (e.g., |Heyvaerts et al 



1988^ Bcnford 1988 



abyn fc: Morris||1994| |Yuset-Zadeh||2003| |Yusef-Zadeh et 



Ser- 



ai. 20061). Several observations have measured the ra- 



dio and x-ray spectral ind i ces of NRFs (e .g., Lang et al. 
1999b| |LaRosa et al.|2000]|Lu et al.l2003| ), but there has 
not been much systematic study. Thus, a goal of this 
survey work is to find new examples of NRFs and make 
more robust measurements of their spectral indices, to 
help better constrain theoretical models. 

This work also studies the compact radio sources in 
the GC region, which are diverse and probe a variety of 
physical processes. One application is in the study of the 
electron population in the GC region. The high electron 
density in the GC strongly disperses time-variable radio 
emission, frustrating efforts to detect radio pulsars in 



the central few hundred parsecs (Cordes & Lazio 



2004) 



(e.g. 



Nord et 



Surveys of compact sources in the GC can study this 
by finding evidence of scatter- broadening from source s 
in or beyond the GC region (Lazio & Cordes 1998a). 
Also, sensitive surveys of the spectral index of compact 
sources can be used to search for candidate pul sars that 
m ay guide future searches for p ulsations 
allj2004l [Lazio fc Cordes||1998b| . 

This paper describes our efforts using the VLA to sur- 
vey a large part of the GC region to study its compact 
and filamentary emission. The observations and data 
analysis techniques are described in § [2] In § [3] the re- 
sults from the total and polarized intensity images at 6 
and 20 cm are presented, including a detailed discussion 
of the spectral index distribution of nonthermal radio fil- 
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aments. Section [4] discusses the nature of the compact 
and extended sources in the survey, while conclusions are 
given in S]5] 

2. OBSERVATIONS AND DATA REDUCTIONS 

2.1. VLA Data 

Observations with the VLA 4 at 6 and 20 cm were de- 
signed to have similar sensitivities, resolutions, and uv 
coverage, allowing unbiased spectral index measurements 
to be made. Table [T] summarizes the parameters of the 
6 and 20 cm surveys. The 6 cm observations were con- 
ducted in the compact, hybrid, DnC configuration. The 
20 cm observations were conducted in three configura- 
tions: the CnB configuration was observed for two days, 
the DnC configuration for one day, and D configurations 
for one day. The ratios of the sizes of neighboring con- 
figurations (e.g., CnB and DnD) are similar to the ratios 
of the observing frequencies, such that observations have 
similar sensitivities to extended emission. For the 6 and 
20 cm observations, the default continuum observing set 
up was used, with two, 50-MHz bandpasses centered at 
(4.885, 4.835 GHz) and (1.465, 1.385 GHz), respectively. 
Two of the 27 antennas were out of comission during all 
of the 6 and 20 cm observations. 

Figure [l] shows the 6 and 20 cm survey regions, re- 
spectively. In general, the surveys are designed to cover 
the Galactic center lobe (GCL), a possible signature of a 
mass-outflow that is discussed in more detail elsewhere 
Sof ue fc Handa|[l984l |Bland-Hawthorn fc Cohen|[2003 
| |2007[ ). The 6 cm fields also align at the southern 
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edge with another 6 cm survey in the VLA archive. The 
20 cm data complement the high-resolution data of Pa- 
per I with a similar resolution and sensitivity, but better 
coverage at higher latitudes near the GC region. 

Standard flux and phase calibration was done by ob- 
serving 1331+305 (3C286) and 1751-253, respectively. 
Phase calibration observations were done roughly every 
24 minutes at 6 cm and every 40 minutes at 20 cm. The 
phase calibrator was found to have a flux of 0.46 Jy and 
1.13 Jy at 6 and 20 cm, respectively. The polarization 
angle was calibrated by assuming a position angle of 66° 
for 1331+305. To improve uv coverage, each pointing 
was observed in several intervals throughout the 7-hour 
observing period for a total integration time of roughly 
30 and 110 minutes at 6 and 20cm, respectively. The 
uv data were rotated into galactic coordinates prior to 
imaging. 

2.2. Imaging VLA Data 

At 6 cm, imaging was done using IMAGR in AIPS. The 
compact source catalog was made from VLA data with uv 
spacings > 0.8 kA; it was found that removing these short 
uv spacings simplified the detection of compact sources 
without significantly sacrificing overall sensitivity. VLA 
images for studying extende d str uctures and for combin- 
ing with GBT images (see ^2.3 ) have no uv cut. The 
data corresponding to Field 32 was self-calibrated using 
a ^40-mJy source before the final images were made. 
To study emission from the entire region surveyed, im- 
ages were convolved to the minimum beam size shared 

4 The VLA is operated by the National Radio Astronomy Ob- 
servatory, which is a facility of the National Science Foundation 
operated under cooperative agreement by Associated Universities, 
Inc. 



by all 42 fields of 14" x 9" with 6 PA = 70° (East of ce- 
lestial North; roughly 128° East of Galactic North) and 
mosaicked using FLATN. Table [2] summarizes the reso- 
lutions of all images used in this work. 

A similar process was used to clean stokes Q and U 
images for studying polarized emission at 6 cm. Images 
used to study the polarized intensity and position angle 
were made from the average of the two 50 MHz bands, 
while images for studying the rotation measure used im- 
ages from each band individually. To test possible bias 
induced by the clean algorithm, the data were imaged 
with the multi-resolution and standard clean methods. 
In general, the resulting images and their derived quan- 
tities arc the same for both cleaning techniques, which 
suggests that the results are not very sensitive to the 
cleaning method. 

At 20 cm, imaging was done using the VLALB task 5 . 
VLALB iteratively images and self-calibrates the data 
using the imaging results for sources brighter than 40 
mjy for further phase calibration. As was done at 6 cm, 
two sets of images were created: one set using all data 
to be used in the study of extended soruces and one op- 
timized for compact sources, using uv spacings > 0.8 kA. 
The imaging for the compact source detection used only 
the 20 cm data in CnB configuration; this configuration 
has similar uv coverage as the 6 cm, DnC configuration 
data and is thus sensitive to similar spatial scales. As 
done with the 6 cm maps, the seven fields were con- 
volved to the beam size of the 6 cm survey (14" x9") 
with 6 pa = 60° and mosaicked prior compact source de- 
tection. For most fields, Sgr A was imaged simultane- 
ously with the rest of the field to reduce the affect of 
its sidelobes. The stokes Q and U parameters were also 
imaged in the seven fields with the same uv range and 
weighting and made into a polarized intensity image for 
studying polarized sources. 

2.3. Feathering VLA and GBT data 

Maps were created a t 6 and 20 cm usin g information 
from VLA and GBT ( Law et al.||2008a| ) images using 
the "feathering" technique. Feathering combines inter- 
ferometric observations with single-dish observations in 
the uv plane which corrects the "missing flux" problem 
of interferome tric images and improves th e appearance 
of the image (Bajaja & van Albada 1979). The short- 
est baseline separation for the VLA C and D configu- 
rations is less than half the GBT diameter, which helps 
when determining t he relative scaling of the two data sets 
( Stanimirovic|2002[ ) . The technique combines the images 
in the Mi>-plane while using a mask to select the spatial 
frequencies that each image samples best. In total, the 
images are Fourier-transformed, multiplied by the mask, 
combined, and then inverse-Fourier-transformed to cre- 
ate the final, feathered image. The VLA images used 
for feathering were created with data weighted to reduce 
sidelobes; this weighting reduces resolution, as shown in 
Table [2] The entire process is performed using a series 
of custom tasks written for the 4MASS add-on to AIPS 
rthttp://www. cv.nrao . edu/$\sim$bcotton). 

Figures [2] and [3] show the distribution of 6 and 20 
cm continuum emission on large scales with both VLA 



5 VLALB is a part of the 4MASS so ftware add-on to AIPS; 
http : //www . cv . nrao . edu/$\ sim$bcotton 
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and VLA+GBT feathered maps. The biggest difference 
between VLA and VLA+GBT feathered images is the 
strength of the continuum emission from the GCL, espe- 
cially at 6 cm. The feathered images also fill in the neg- 
ative "bowls" in the intcrferometric images to produce a 
more uniform flux distribution near bright sources. 

2.4. Polarized Continuum Mosaics 

A series of images were produced to study the polar- 
ized intensity and rotation measure structure toward fil- 
amentary and compact sources. Figure [4] shows mosaics 
of the polarized continuum images at 6 and 20 cm. As 
discussed below, the 6 cm maps seem to be filled with 
emission with typical brightness of ~ 0.5 mJy and spa- 
tial structure on scales of 1-5'. To improve the fidelity of 
the 6 cm images, those data were imaged with 30% re- 
duced sensitivity at 15 kA (using UVTAPER argument 
to IMAGR); this produced images with a resolution of 
15'.'5xl3". At 20 cm, the maps were devoid of extended 
emission, so only high-resolution images were made, us- 
ing the same techniques for the total intensity mosaics 
used for compact source detection; this produced images 
with a resolution of ll"x8". 

To create the polarized intensity mosaics, cleaned im- 
ages were created of Stokes Q and U flux using IMAGR 
and mosaicked using FLATN. The polarized intensity 
was created using the COMB task to correct for the noise 
bias, using the noise estimated from images outside the 
primary beam. Mosaics of Stokes Q and U were also 
produced at each IF and combined to create polarization 
angle maps at two frequencies. These images were used 
to estimate the rotation measure, as described below. 

Wide-field, VLA imaging of polarized emission suffers 
from poorly understood systematic effect s, so these mo - 
saics should be interpreted with caution (Cotton 19941. 
An important systematic effect is the antenna- based po- 
larization, which induces radially-oriented, linear polar- 
ization that increases with offset from the phase center. 
There is no software or data available to properly cor- 
rect for this effect, so the images presented here may 
suffer from this effect. However, there are a few reasons 
that this instrumental effect may not be a concern in 
a few applications. First, the instrumental polarization 
is strongest near the edge of each field, but mosaicking 
these fields will sometimes average biases with perpendic- 
ular orientations, thus cancelling the bias out. Second, 
the parallactic angle for each source changes during the 
observation, which reduces antenna-based errors. Dur- 
ing the observations, the parallactic angle changed by 
about 80°, which reduces antenna-based polarization by 
about 1 - sin(A0)/A0 w 30%. Finally we note that the 
analysis shown here focuses on the brightest polarized 
emission with counterparts in total intensity; this polar- 
ized emission is much more than a few percent of the 
total intensity, which is the level at which th ese system- 
atic effects are limited ( |Cotton 1994 19991. However, 
for much of the extended, 6 cm, polarized emission seen 
in Figure |4j there is no total intensity counterpart, so it 
is more likely affected by instrumental effects; discussion 
of this emission requires more rigorous analysis and thus 
is left for the future. 

3. ANALYSIS AND RESULTS 

3.1. Extended Sources 



This section discusses the analysis and results for ex- 
tended sources visible in the mosaicked images at 6 and 
20 cm. First, the spectral index and rotation measure 
analysis techniques are described, followed by results on 
individual objects. 

3.1.1. Spectral Index Analysis 

In order to investigate the distribution of spectral index 
across these sources, the spectral index was measured at 
several positions across each source. The spectral index 
was measured from slices of the images, producing 1-d 
flux profiles across sources. The spectral index is mea- 
sured by comparing the background subtracted flux den- 
sity of the sources in slices across the 6 and 20 cm feath- 
ered images. The spectral index is measured by fitting 
a first-order polynomial to a source-free part of the slice 
to estimate the background and noise in the slice. The 
images were convolved to a beam size of 26"xl8"before 
taking the slices and the spectral index is defined assum- 
ing S v oc v a . The spectral index measurements were 
considered trustworthy only if they were found not to 
vary significantly with ~ 10% variations in the definition 
of the background region. This work mostly presents 
spectral indices measured from slice analysis, since that 
technique makes it easier to measure the background and 
gives robust values than integrated analysis. The tech- 
nique is described in more detail elsewhere (Law et al 
200§a| . 

In general, the spectral index measurements seem to 
be robust to observational effects. To test the robust- 
ness of the slice technique to the slice orientation, pairs 
of perpendicular slices were made across a source and the 
resulting spectral index measurements were compared. 
The index measured in these slices had equal spectral 
index measurements within their errors. The indices 
measured on both feathered and VLA-only images were 
equal within their errors, except in 2 of the 74 slices com- 
pared. There is no correlation between measurements of 
the spectral index and an image of the theoretical noise 
level for the 6 cm mosaic, which suggests that the noise 
and primary-beam correction do not bias the measure- 
ments. There was also no correlation found between the 
spectral index uncertainty measured in the slices and the 
theoretical noise from the effect of the primary beam, 
suggesting that the noise is dominated by other effects. 

Finally, we note that bandwidth smearing causes a ra- 
dial smearing that reduces peak (per beam) brightness 
and can affect slice analysis. Although bandwidth smear- 
ing is not commonly thought to affect extended sources, 
the widths of some NRFs are smaller than the beam in 
our observations, which means that smearing can affect 
their peak brightness in some cases. In theory, band- 
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where 



A// 



1^0 #FWHM ' 

- — is the offset from 



width smearing increases with j3 
is the fractional bandwidth and g 
the phase center in beamwidths (Bridle fc Schwab|1999 1. 
This effect is only noticable in our 20 cm, where the 
primary beam size and bandwidth are relatively large. 
The effects of bandwidth smearing depend on the loca- 
tion and orientation of the source, so they are described 
individually for each source. 

3.1.2. 6 cm Rotation Measure Analysis 
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The change in the polarization angle with wavelength 
due to Faraday rotation is a probe of the line of sight to 
the polarized source. The amount of rotation across a 
given bandwidth is given by: 

A9 = RM{\\ - \\) (1) 

where RM is the integral of the product of the electron 
density and magnetic field along the line of sight. Typi- 
cally, observers use three or more wavelengths to measure 
the polariza tion position angle as a function of wave- 



length (e.g., |Tsuboi et~aT1[1986j |Haverkorn et al.||2000 



Brentjens & de Bruyn| |2005j) . These observations use 

ban 



the two, adjacent 50-MHz bands of the standard VLA 
observing configuration. In this case, a position angle 
difference of one degree corresponds to a rotation mea- 
sure of -220 rad m -2 , assuming no 2ir phase wrap. The 
calculation of an RM from A9 assumes that the Faraday 
rotation has a A 2 dependence, which is n ot always true 
( Burn|[l966 Brentjens & de Bruyn 2005). Thus, in this 
work we assume a A z dependence and give effective RM 
values, or RM e ff. 

Studying Faraday rotation across two, adjac ent 50- 
MHz IFs is not comm on (for one example see Yusef- 
Zadeh & Morris 19881, but there are a few reasons why 
it can give useful results in this application. First, the 
RM expected in the GC region covered by this survey 
is typically less than 2000 rad m -2 , with a maximum of 
about 3000 rad m -2 in the Galactic plane (Yusef-Zadeh 



marginally detected, or are too near the survey edge to 
measure reliable properties. 

G359.85+0.39(i?F-iV10) — This filament is described 
first, because it can be compared with previous work as 
a validation of t he analysis me t hod. This filament was 
well studied by LaRosa et al. (20011, who observed it 
at 6, 20, and 90 cm and discovered its unusual, braided 
subfilamcnts. Figure [6] shows a 6 cm, high-resolution 
image and the spectral index distribution across the N10 
radio filament, which is located relatively far north of 
the Galactic plane and oriented nearly perpendicular to 
it. We confirm that N10 is composed of at least two, 
parallel, unresolved components at 6 cm. This filament 
has an integrated 6 cm flux density of 42.9±9.0 mJy and 
is polarized at 6 cm. 

The spectral index changes observed in the feathered 
images of N10 are shown in Figure [6j The index changes 
significantly across the filament, ranging from -0.6 to - 
1.5, but with no regular trend. The range of values and 
the lack of a trend measured here are consistent with the 



6/20 cm spectral index behavior reported by |LaRosa et 



et al. 



1984 



For RM = 2000 rad m" 2 



Tsuboi et al. 1986 1995 Roy et af 2005p . spectral index analysis 
the change in polarization an 



al. (20011. That work reported on a spatial gradient in 
the 20 / 90 cm index, but noted that the 6/20 cm index 
shows no similar changes. Those authors attributed the 
difference to missing flux at short spacings, although the 
present observations should be sensitive to emission on 
all s ize scales. The consist ency between the present work 
and LaRosa et al. (20011 give some confidence in the 



gle between the two IFs of the present survey is about 
9°. The degeneracy in position angle for A8 > 180°is un- 
likely in the present data, since this would require RM 
values twenty times larger than is average (RM > 4x 10 4 
rad m -2 ). Secondly, the bandwidth depolarization ex- 
pected in this data is roughly 1 — sm(A9) / A9 = 0.4% for 
RM of 2000 rad m~ 2 , which shouldn't significanly affect 
the results. However, it is worth noting that some areas 
of the polarized maps are completely depolarized; this 
highlights the fact that these observations are not sensi- 
tive to RM greater than 4 x 10 4 rad m~ 2 . The opposite 
can also happen, since the total intensity is more likely to 
be resolved out than the polarized intensity, which tends 
to be broken into many small pieces by depolarization 
canals; in these cases, the polarized fraction can exceed 
100%. 

3.1.3. Results for Nonthermal Radio Filaments 

Several filamentary structures are apparent in the 6 
and 20 cm maps. Figure [5] shows a schematic view of the 
survey region with major features and filaments labeled. 
Table [3] summarizes the properties of the known and can- 
didate NRFs from the 6 cm data, including the 6/20 cm 
spectral index and polarized emission from several of the 
filaments, which confirms their identification as NRFs. 

Below, the analysis of the morphology, spectral in- 
dex distribution and polarization properties of several 
filaments is discussed. The format of Figure [6] is used 
throughout this work, as it connects the high-resolution 
and feathered images in the top panels to the accompany- 
ing spectral index analysis in the bottom panel. Names of 
the filaments are given in Galactic coordinates with the 
designation of Paper I in parentheses. The CI, N5, and 
N12 filaments are not discussed because they are only 



The polarized emission from nonthermal filament 
G359.85+0.39 is shown in Figure [7] The polarized 
brightness is irregular, but does show some correlation 
with total intensity emission. The polarized intensity 
is found in a few isolated islands of emission along the 
brightest subfilament. The polarized structure and its 
correlatio n with the total inten sity is similar to that ob- 
served by LaRosa et al.| ( 200T| ). The brightest polarized 
emission is about 1.2 mJy beam -1 (~ 10cr significance) 
and the polarization fraction is larger than 100% at a 
few locations along the brightest subfilament. The aver- 
age A9 for the region with polarized emission is — 1 ± 1° , 
or RM eff = 220 ± 220 rad m~ 2 . 

G359.54 + 0.18(i?F - C3) — The 6 cm VLA image 
and the spectral index distribution of the C3 filament, 
also known as "the ri pple", are shown in Figure [8] This 
filament was found by |Bally fc Yusef-Zadeh| ( |1989| , who 
noted how it bends wh ere it ap parently is intera cting 
with a molecular cloud (Bally & Yusef-Zadeh 1989 Roy 
2003| . This filament is one of the longest (~ 11') and 



brightest at 6 cm (integrated flux densit y 490 ± 60 mJy, 
consistent w ith previous observations (Bally & Yusef- 



|Zadeh|[1989j. 

The spectral index of the filament was measured with 
both perpendicular slices (as for RF-N10) and with a 
single slice along its long axis; the index from the single 
slice along its long axis is shown in the bottom panel of 
Figure [8] The spectral index is relatively constant across 
C3, with a typical value of a^c = —0.8 ± 0.05. There 
is some suggestion in the slice analysis that the spectral 
index is flatter in the fainter portions near the northern 
and southern ends of C3. The integrated spectral index 
was measured previously between 90 and 20 cm as — 0.8± 

1991|) and 20 and 6 cm as 
2006), consistent with the 



0.1 ( Anantharamaiah et al. 



(TBI Yusef-Zadeh et al. 
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present slice analysis. However, the intergrated spectral 
inde x between 6 and 3.6 cm steepens significantly to ~ 
-2 ( [Yusef-Zadeh et al.|[2006] ). 

Figure [5] shows a clear 6 cm, pol arized counterpart to 
RF-C3, as had been noted be fore ( Bally fc Yusef-Zadeh| 
[l989||Yusef-Zadeh et al. 11997] ). The polarized emission is 
broken into roughly five "islands" of polarization about 
30" across, separated from each other by depolarized 
canals. Four of the islands are located along the brightest 
total intensity emission where the NRF is straight, while 
the fifth island is north of the others, near the northern 
bend in the NRF. The brightest polarized intensity from 
RF-C3 is 6 mJy beam -1 with a polarization fraction of 
about 35%. The other polarized islands have lower polar- 
ized intensities with polarization fractions ranging from 
20 to 30%. 

Each of the polarized islands has a relatively constant 
Ad , so an error-weighted average of RM e ff is calculated 
for each one. While averaging is not strictly appropriate 
for nonlinear quantities like angles, it is approximately 
correct in the limit of small angles (Ad <C 1 rad ps 57°). 
From south to north, the average Ad value for the islands 
are: 11±6°= -2420 ± 1320 rad m" 2 (at 359?556,0?152), 
7 ± 3°= -1540 ± 660 rad m" 2 (at 359?554,0?163), 10 ± 
2°= -2200 ± 440 rad m" 2 (at 359?550,0?167), 18 ± 5°= 
-3960 ±1100 rad m" 2 (at 359? 549,0? 174), and 15 ±4°= 
-3300 ± 880 rad m~ 2 (at 359?539,0?198). 

The mor phology seen in the presen t survey is similar 
to that of Yusef-Zadeh et al. (19971, which presented 
detailed study of the polarization properties of RF-C3 at 
6 and 3.6 cm. The clump at RA,Dec (B1950, as used 



m 
RM 



Yusef-Zadeh eTal] ( |l997| ) = (17:40:41,-29:12:30) has 
4 « -2700 rad m ^compared to AO ps 18 ± 5° ps 
—3960 ± 1100 rad m~ 2 in the present survey. Another 
clump, at (17:40:43,-29:12:40), has RM ps -2000 rad 
m~ 2 , compared to A6 ps 10 ± 2° ps -2200 ± 440 rad 
m~ 2 in the present survey. A third clump, at (17:40:44,- 
29:12:45), has RM ps -1500 rad m~ 2 , compared to Ad ps 
7±3° ps — 1540±660 rad m -2 in the present survey. Thus, 
in general, there is good agreement between the RM e ff 
of the pr esent survey and the mor e rigorously measured 



values of Yusef-Zadeh et al 
G359.42 + 0.13(^' - Cl) 



(|1997j. 

Figure 



10 shows the 6 



cm continuum and spectral index distribution of the C7 
radio filament. The filament is relatively straight and 
short (3'), oriented parallel to the Galactic plane with a 
significant brightening at its midpoint. The integrated 
6 cm flux density is around 28.2±8.3 mJy and no po- 
larized emission is found toward this filament brighter 
than a confusion limit of 0.4 mJy beam -1 . Using slices 
perpendicular to the filament and along its length, we 
find a trend for steepening toward its eastern half, with 
values changing from ~ —0.7 to ~ —1.1. The spectral 
index changes near the brightest portion of the filament, 
so errors in background subtraction should be minimal; 
also, the consistency of the two different slice directions 
adds confidence to this spectral index change. The spec- 
tral index change can also be seen by visually comparing 
the change in flux about the filament midpoint at 20 cm 
(changes by roughly a factor of two) and at 6 cm (roughly 
unchanged) . 

G359.44±0.14(i?F-G6) — This source is detected in 
6 cm images (see Fig. 10 1 at the eastern edge of the C7 



here. The filament is very faint and short, with a peak 6 
cm flux density of 1.5±0.1 mJy beam" 1 and a length of 
about 2'. The relative alignment of the C6 and C7 fila- 
ments is similar to that of nearby filaments Cll and C12, 
as was noted in Paper I. These two groups of filaments 
have pairs of filaments with one oriented parallel and one 
perpendicular to the Galactic plane; in both cases, the 
filament parallel to the plane is the brighter and longer 
of the pair. 

0.10(RF 
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shows an 



G359.36 + 0.10(i?F - G12) — Figure 
overview of the radio continuum emission of the C12 fil- 
ament, which was discovered at 90 cm by |Nord et al. 
( |2004[ ). It has a length of about 4', a relatively constant 
brightness, and no significant curvature. The filament is 
oriented at an angle of about 30° relative to the plane. 

These observations are the first 6 and 20 cm observa- 
tions done for this C12. The spectral index values for C12 
were measured with perpendicular and parallel slices, as 
was done for C7. Both sets of slices show a significant 
steepening in a^c toward its eastern end. This is also 
visible in Figure 1 1 which shows that there is significant 
20 cm emission near the eastern edge of the filament, but 
no 6 cm emission and that the peaks of the 6 cm and 20 
cm emission are shifted relative to each other; the phys- 
ical offset of the 6 an d 20 cm-emitting reg ions is similar 
to that observed by |LaRosa et~aT1 fl200lj ) for RF-N10 



The morphology, brightness, and spectral index changes 
across this filament are similar to that seen in the C7 
filament. 

As seen in Figure |12[ polarized emission is seen across 
the entire 4' length visible in 6 cm total intensity. This 
is the first detection of linearly-polarized emission from 
G359.36+0.10 and confirms that it is a NRF. There is 
one depolarization canal near the midpoint of the fila- 
ment that divides it into eastern and western halves. The 
peak, 6 cm polarized intensity of about 2 mJy beam" 1 
is located along the eastern half, while the peak in 6 cm 
total intensity is located along the western half. Thus, 
the polarization fraction changes along the length of RF- 
C12 with a value of 30% at the point of brightest total 
intensity and 70% at the point of hightest polarized in- 
tensity. The polarized emission is clearly detected at 
the faintest ends of the filament in total intensity such 
that the apparent polarization fraction in those regions 
is higher than 100%. 

The Ad observed in the polarized emission of RF-C12 
gives an estimate of the RM toward the filament. The 
eastern and western halves have averages of Ad ps — 4±2° 
and -2 ±2°, respectively, giving RM eff = 880 ±440 rad 
m" 2 and 440 ± 440 rad m" 2 . 
G359.37 + 0.11(RF - Gil) — This source is detected 



in 6 cm images at the eastern edge of C12 (see Fig. 11 1 
but is not seen in the 20 cm images presented here. Itis 
one of the faintest (1±0.2 mJy beam -1 ) and shortest (2') 
filaments observed in this survey. As noted above, this 
filament and its relation to the C12 filament is similar 
to the C6/C7 filament complex in their orientation and 
relative brightness. 

G359.21 + 0.54(i?F - G16) — Figure p] shows the 20 



filament, but is not seen in the 20 cm images presented 



cm continuum and spectral index dist ribution for the C1 6 
filament, first detected at 90 cm by Nord et al. (2004 1. 
The present survey provides the first observations at 6 
cm and the highest latitude coverage at 20 cm. This 
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filament is unusual in that it is very long (~10') and 
extends far from the Galactic plane (0?6 » 80 pc, in 
projection). If confirmed as an NRF, this would increase 
the latitude range occupied by NRFs dramatically, out 
to (l,b) = (359?1,0?75). This filament is unlikely to be an 
artifact, since it appears in two separate fields of the 20 
cm survey. The C16 filament is also interesting because 
it is oriented nearly parallel to the GCL in this region, as 
seen on large scales in Figure [3] There is some indication 
of a second filament, or an extended region of emission, 
parallel and just west of the brightest part of C16. No 
polarized emission is evident at 6 or 20 cm to a level of 
0.4 and 0.3 mJy beam -1 , respectively. 

The filament is only marginally detected at 6 cm, so 
no spectral index analysis is done. Nominally the 6 cm 
peak brightness is detected with roughly 2a confidence, 
but this low-level emission appears to be extended along 
the 20 cm feature for a length of 3'; a rough upper limit 
on the 6/20 cm spectral index is ctLC < —1-2. 

There is a compact source detected at 6 and 20 cm 
that happens to lie along the C16 filament, with RA,Dec 
(J2000) = (17:40:31.410,-29:20:19.11) and visible at the 
top right of Figure [13] Comparing the density of compact 
sources in the region to the apparent area covered by 
the filament, implies a roughly 1 in 4 chance that this 
alignment is coincidental. 
-0.23(i?F- 
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shows the Nl fila- 



G0.15 + 0.23(i?F- AH.) — Figure_ 
ment. This filament is a part of emission from the Radio 
Arc, th e brightest and most complex collection of NRF s 



known (|Yusef-Zadeh et al.|1984||Morris & Serabyn 1996) 

f the Ra- 



The Nl filament is north of the brightest part of 
dio Arc, but is contiguously connected to that region 
(to the south) and the GCL (to th e north) in images of 



high-res olution polarized emission (Yusef-Zadeh & Mor- 
This filament seems to bend around the H II re- 



ns 



1988) 



gion at the bottom of the figure (known as GO. 17+0. 15), 
which suggests that these nonthermal structures interact 
with star-forming regions or their associ ated molecular 
and ionized gas (Serabyn & Morris 1994 Paper I). The 
6 cm data show for the first time that there is significant 
polarized emission associated directly with the Nl fila- 
ment, confirming that it is an NRF (polarized emission 
fills this region, but has never previously been definitively 
associated with Nl). 

The Nl filament spectral index between 6 and 20 cm is 
studied by taking slices across the images, as described 
before. Note that Nl is embedded in diffuse nonther- 
mal emission, which the slice analysis subtracts in order 
to calculate a^c- Figure [14] shows the spectral index 
steepening steadily toward the northernmost slices, with 
values ranging from +0.2 to -0.5. The relatively flat 
spectral index is unusual for NRFs in general, but not so 
for the brightest NRFs, like in the Radio A rc, which has 
a spectral index ~ for GHz frequencies (Yusef-Zadeh 
19861 |Pohl fc Schlickeis"er]|1992[ ). Interestingly, the spec- 



tral index does show moderate steepening toward the 
north; this trend is seen in the lar ge-scale emission of 
the GCL, as obs erved by the GBT ( |Pohl fc Schlickeiser| 
l^|Lawp007| . 



The polarized emission from RF-N1 is shown in Figure 
15] The region is filled with clumpy polarized emission 
formed by depolarization canals. The brightest polarized 
intensity is about 5.5 mJy beam -1 . In many locations, 
the polarized brightness is greater than the total inten- 



sity, so the polarized fraction exceeds 100%. Although 
RF-N1 is in the midst of this extended polarized emis- 
sion, this image is the first time polarized emission was 
specifically associated with the filament. The average 
A9 for RF-N1 was measured for b = 0?16 - 0?30 to be 
-2 ± 0?5, equivalent to RM eff = 440 ± 110 rad m -2 . 
G0.08 + 0.15(i?F- 7V2) — Figure [16] shows the 20 cm 



emission and spectral index distribution along t he N2 
radio filamen t (also called the "Northern Thread" . Lang 
et al. (1999b) extensively studied this long (15'), vertical 
filament and discovered its linearly polarized emission at 
3.6 and 6 cm. This filament is located at the edge of the 
6 cm survey region, so only a fraction of the filament is 
seen and no integrated 6 cm flux densities are given in 
Table [3] 

The spectral index measured in slices of N2 show a 
clearly nonthermal spectral index that seems to steepen 
at higher latitudes. However, since the primary beam 
corrections for the 6 cm VLA data are large at the edge, 
it creates strong variation in the background of the feath- 
ered data used here. Also, primary-beam corrections at 
6 cm vary by a factor of 2-3 across N2, so it is possible 
that the spectral index at the edge is affected by un- 
certainties in this correction. The spectral index of N2 
has been measured south of the region covered by the 
present survey to have a flatter spectral index with lit- 
tle spatial variation, ranging from 0.0 to -0.5 (Lang et 
aL] |l999b| 6 . Previous 20/90 cm spectral index measure- 
ments found typical values around —0.6 ± 0.1, with no 



significant change across a 4' length ( |Anantharamaiah et 
|al.||199l[ |LaRosa et al. 2000| . However, those measure- 
ments are dominated by emission south of the present 
ones, since the N2 filament is brightest near the middle 
of its 10'length and the present work only detects the 
northern 2-3'. 

There are two islands of enhanced 6cm, polarized emis- 
sion coincident with the total intensity emission from 
N2. This is a marginal detection and the images are 
noisy, since the filament is at the edge of the survey area. 
However, polarized e mission was previous ly detected and 
described in detail by Lang et ah] (| 1999b[ ). 

G359.96 + 0.09(i?F- A5) — This filament, also known 



as RF-N5 (Paper I) and "the Southern Thread" ( |Lang 
et al. 1999b), has a length of roughly 3' and is oriented 
perpendicular to the Galactic plane. No figure is shown 
for this filament, since it is at the edge of our survey 
region and has a 6 cm surface brightness of RF-N5 is 
less than 1 mJy beam -1 . There is some weak polarized 
emission associated with the fila ment, but it is not very 



significant and is well studied in Lang et al. 



G359.79 + 0.17(i?F - N8) — First identified in wide 



(1999b). 



field, 20 and 90 cm observa tions (Yusef-Zadeh 1986 

1991[ ), N8 was typical otlhe 



Anantharamaiah et al. 



brightest filaments known m that it was several arcmin- 
utes long and had a slightly wavy shape. Figure [17] shows 
that the first 6 cm image of N8. North of the brightest 
emission the curve opens toward and then away from the 
plane again in the faintest northern parts of the filament. 
As in previous observations, subfilamentation is appar- 
ent in the faint northern and southern portions of N8. 
The 20 cm image shows a broader, fan-like shape in the 



6 Note the spectral index measured in Figure 11 of |Lang et al.| 
( |1999b| l is ~ 230" south of our measurements. 
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southern part of the filament (see also Fig. 19b of Paper 
I). This filament has an integrated 6 cm flux density of 
226.7 ± 24.8 mJy and was previously found to have po- 
larized radio continuum emission, which is also found in 



the present 6 cm observa tions (Lang et al. 1999b Lang 
fe Anantharamaiah||2000| 



These 6 and 20 cm observations provide us with the 
first chance to study the spectral index and its changes 
at these wavelengths. The spectral index found by slice 
analysis shows a slight flattening in ollc toward the west, 
ranging from -1.3 to -0.9. Previous work found an inte- 
grated spectral index between 90 and 20 cm of — 0.6±0.1 
( Anantharamaiah et al.|[l991 ). The N8 index flattens at 
higher latitudes, which is the opposite latitude depen- 
dence as seen in Nl and N2, but similar to that seen in 
C3 and C12. The N8 filament is also similar to C3 and 
C12 (and different from Nl and N2) in the angle that the 
filament makes with the Galactic plane. 

However, bandwidth smearing may bias the spectral 
index measured for the N8 and N10 filaments. The 
bandwidth-smearing bias for slice analysis was estimated 
by comparing the slice and integrated flux densities for 
the nearby compact source, G359. 872, +0.178; this finds 
a bias of Aa ~ +0.4 for the compact source. This bias is 
an upper limit to that in N8 and N10, since the filaments 
are not unresolved. 

Figure [T8| shows that the 6cm polarized intensity from 
RF-N8 is broken in to several islands by depolarization 
canals. Generally, the polarized brightness follows the 
total intensity brightness. The maximum polarization 
fraction is 55%, which is found at the peak brightness of 
two or three of the brightest polarized intensity islands. 
Averaging over the polarized emission seen at 6 cm finds 
A6 = -4+1°, equivalent to RM eff = 880 + 220 rad m~ 2 . 

G359.62 + 0.28(i?F- ATlla) — Figure 
plex of filaments near (l,b) = (359.6, 



19 shows a com- 

-o.5jr 



first noted in 

the 20 cm observations of Paper I and named "RF-N11". 
The 6 cm observations presented here resolve the Nil fil- 
ament into two sets of crossed filaments: one, 100-mJy, 
kinked filament running southeast to northwest, and then 
one or two parallel filaments running north-south with a 
flux density of about 60 mJy. Thus, in this work, the 
kinked, diagonal filament is referred to as Nlla and the 
vertical filaments are called Nllb. Nlla is detected at 6 
and 20 cm, and the spectral index is relatively flat with 
values ranging from -0.28 to -0.11. There is no significant 
trend for the index values to change along the filament. 

Figure [20] shows that the brightest 6 cm polarized emis- 
sion from the RF-N11 complex is broken into three is- 
lands along the Nlla subfilament. This is the first de- 
tection of polarized emission from Nlla, which confirms 
that it is a NRF . The peak polarized brightness is 2 m Jy 
beam -1 , where the polarization fraction is about 70%. 
As in RFs C12 and Nl, the polarized emission is brighter 
than the total intensity near the end of the filament, lead- 
ing to apparent polarization fractions larger than 100%. 

The average AO for the polarized emission from RF- 
Nllais 0+1°, or RM eff = 0+220 rad m~ 2 . There is weak 
evidence for changes in Ad across Nlla, with AO = 1+2° 
(RM eff = -220 ± 440 rad m~ 2 ) and -1 ± 2° (RM eff = 
220+440 rad m -2 ) for the northern and central polarized 
islands, respectively. 

G359.64 + 0.30(i?F - Nllb) — The fainter, vertical 



filaments next to Nlla in Figure 19 are here referred to 
as Nllb. Nllb seems to be composed of two parallel fil- 
aments that cross the Nlla filament near its midpoint. 
Nllb is seen in multiple VLA pointings, and thus is un- 
likely to be an imaging artifact . As seen in Figure [20] 
there is polarized emission throughout this region, but no 
clear morphological association with the Nllb filament. 

The Nllb filaments have no counterpart at 20 cm to 
a level of 0.2 mJy beam -1 in the present observations 
nor in Paper I, which constrains the spectral index to be 
greater than about -0.09. This spectral index is unusu- 
ally flat for NRFs, but is more common in NRFs found in 



groups ( Morris fc Serabyh] [l996). The limit on the spec- 
tral index is not plotted at the bottom of Figure [19] but 
the values are consistent with a further flattening of the 
spectral index in Nlla with increasing Galactic latitude. 

3.1.4. Results for Other Extended Objects 

Galactic Center Lobe — Figures [2] and [3] show that the 
emission from the GCL dominates the images made from 
the feathered data. The brightness of the GCL appears 
strongest on spatial scales around 0?2, which is near the 
largest angular scale that the 6 cm observations are sen- 
sitive to (Olas ~ 0?1). The largest angular scale that the 
20 cm observations are sensitive to is about three times 
larger (0j^™ s — 900"), so some of the GCL emission is 
visible in the 20 cm VLA-only image. Since the GCL 
emission is not fully sampled by both data sets, no spec- 
tral index study can be done with the VLA data. The ra- 
dio spectral index distribution of the GCL from the GBT 
data are discussed in detail elsewhere ( Law et al.|2008b |. 
Nonetheless, it is noteworthy that these first high spatial 
resolution observations of the GCL have constrained the 
spatial scale on which it emits. Prior to these observa- 
tions, single-dish observations could not determine if the 
GCL was a single, shell-like structure on 0?2-scales, or 
composed of smaller-scale filamentary structures. 

G359.66 + 0.65 — Figure [21] shows the 6 cm emission 
and spectral index across G359.66+0.65, an elongated, 
curving source roughly 1'.5 long. G359.66+0.65 has an 
integrated total intensity flux density of 29.8 ± 2.0 mJy 
in the 6 cm feathered image. The spectral index distri- 
bution is shown for a series of slices across G359.66+0.65 
in Figure |21| The index shows a steady change with po- 
sition along the source ranging from -1.73 in the faintest 
part of the lobe-like region to -0.49 in the bright core 
region. The integrated spectral index measured in the 
feathered images is —0.92 ± 0.12. 

G359.66+0.65 has a polarized counterpart with a flux 
density of 23.0 ± 3.3 mJy. Comparing the polarized and 
total integrated flux densities for the VLA data give a 
polarized fraction of about 72% for G359.66+0.65, which 
is near the theoretical maximum of ^74% for s ynchrotron 
emission polariz ation fraction with a — —0.9 (Rybicki & 
Lightman |1979 1. No polarized source is seen at 20 cm 
down to a level of 0.2 mJy beam -1 ; depolarization effects 
scale as A 2 , so they are about 11 times higher at 20 cm 
than at 6 cm. 

The shape, location, and spectral index of this source 
are most consistent with FR I type galaxy. These galax- 
ies typically have a ce ntral bright core with symmetric, 
sw ept-ba ck radio jets ( |Fanaroff fc Riley|1974 Gelfand et 
aT]|2005 1; the high Galactic latitude is also most consis- 
tent with an extragalaxtic source. However, radio fila- 
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ment candidates can have a similar shape, can be found 
at high latitudes, and may have spectral index gradients, 
so we cannot rule out the possibility that G359.66+0.65 
is a filament. 

G359.34 + 0.31 — This extended source is located 
within the western half of the radio continuum and 
recombination line emission associated with the GCL 



fUchida . et al.||1994| |Law [2007]). Figure [22] shows the 
6 and 20 cm emission, which has a wispy, complex mor- 
phology. The spectral index for several slices across the 
feathered images of G359.34+0.31 are consistent with 
optically-thin, thermal emission. It is difficult to inter- 
pret the structure in these observations, since the spatial 
scale of this emission is almost too large to be visible to 
these VLA 6 and 20 cm observations. This source and its 
relation to the GC L is discussed in more detail elsewhere 
( |Law et al.||2008b[ ). 

G'359.2 + 0.75 — At the northwest of the GCL, the 
radio continuum morphology bends toward higher lon- 
gitudes, making a hooked shape similar to that seen in 
the 6 cm GBT image. Figure 23 shows the 6 and 20 
cm feathered images of this structure, here referred to as 
G359.2+0.75. 

The spectral index varies from -0.6 to +0.4 with the 
steepest index measured south of the bend the inverted 
index measured north of the bend. The slice values are 
not shown in Figure [23] since the variation in otLCi m ~ 
eluding strongly inverted index values, are inconsistent 
with the GBT only slice analysis ( |Law|2007 |. The VLA's 
largest resolvable angular scales of 5' and 15' at 6 and 20 
cm, so emission on these size scales are more uncertain. 
This uncertainty is likely to be worst near G359.2+0.75 
and G359. 1+0.9 (described below), since they have com- 
plex distributions of emission on scales around 5'. 

GO.03 + 0.66 — Figure [24] shows large- and small-scale 
views of GO.03+0.66, a 6Mong, wavy structure seen in 6 
cm VLA data. There is no counterpart to GO.03+0.66 
in the 20 cm map, which suggests that it has a relatively 
flat spectral index, most consistent with thermal emis- 
sion. GO.03+0.66 is located within the GCL-East radio 
continuum emission ridge, similar to G359.34+0.31 in 
GCL- West. In this case, however, the structure seen in 
the VLA data are oriented parallel to the structure seen 
by the GBT, so they are more likely to be associated 
with each other. However, the radio continuum follows 
the wavy shape of the 8 /xm emission seen by Spitz er that 
has been id entified as the "Double Helix Nebula" ( Morris 
et al. ||2006 1 . The nature of this source and its possible 



association with the GCL is discussed elsewhere (Law et 
aT]|2008b[ ). 

G359.1 + 0.9 — The 20 cm continuum emission from 
G359.1+0.9 is shown in Figure[25] G359. 1+0.9 is a shell- 
like SNR that extends 10' x 9' with an irregular ring. This 
SNR is only covered by the present 20 cm survey, so no 
6 cm map or spectral index analysis is done. The 20 cm 
integrated flux density is 1.3+0.5 Jy. 

3.2. Compact Sources 
3.2.1. Source Detection 

The 6 and 20 cm compact source detection was per- 
formed on the VLA images optimized for sensitivity 
to compact emission. This is done by removing short 
baselines before imaging the data giving beam sizes of 



14"x9"at both 6 and 20 cm (see Table [2). At 6 cm, 
sources were detected with the sfind routine of Miriad 7 . 
The algorithm (called "old" in Miriad) had a detection 
threshold of 5a. To ensure accurate comparison between 
the 6 and 20 cm catalogs, the 6 cm integrated flux density 
error was calculated manually using a relation similar to 
AIPS. The SAD and JMFIT algorithms of AIPS were 
used on sources that sfind had difficulty with, such as 
obvious double sources or confused sources. At 20 cm, 
all potential sources were selected by eye and detected 
with SAD or JMFIT. A constant background plus ellip- 
tical Gaussian was fit to each source. The final source list 
was made by cataloging all apparent sources and keep- 
ing those with S p > 5a. Fluxes are not corrected for 
bandwidth smearing, which reduces the peak brightness 
and slightly elongates the sources at field edges (mostly 
at 20 cm). For compact source detection in polarized- 
continuum images, SAD and JMFIT tasks were used 
with a peak flux detection threshold of 3a. 

The parameters found with the sfind, SAD, and JM- 
FIT routines were compared on several sources. In all 
cases tested, the background-subtracted flux densities for 
all methods were equal within their quoted errors. There 
is a slight trend for SAD/ JMFIT to find higher peak flux 
uncertainties than sfind. However, none of the several 
sources detected with both techniques had less than 3<r 
significance in the peak brightness using either technique. 
Thus, the 6 cm sources have at least 3cr significance, while 
the 20 cm sources have at least 5a significance, and both 
lists have flux densities that are robust to changes in the 
detection algorithm. 

3.2.2. Source Catalogs 

Tables [4] and [5] show the catalogs of compact sources 
detected on the mosaicked, high-resolution images at 6 
and 20 cm, respectively. In total, we find 93 compact 
sources at 6 cm and 48 sources at 20 cm. Tables [6] and 
[7] show the results of source detection run on polarized- 
continuum mosaic images; 2 and 7 compact, polarized 
sources are found at 6 and 20 cm, respectively. The re- 
sults of source detection include the source positions, the 
background-subtracted peak and integrated flux density 
and their uncertainties, and the apparent source size (not 
deconvol ved) and orientation. 

Figure 26 shows how these sources are distributed 
across the survey region. In general, the distribution 
uniform and shows no sign of enhanced density near the 



Galactic plane; this is discussed in more detail in [A. 2 



About 17 of the 93 sources in the 6 cm catalog have an 
apparent size greater than 1.5 times the beam. However, 
all these source have brightnesses less than a few mJy 
(< lOer detections), so they are poorer quality fits. At 
20 cm, roughly 28 of 48 sources have an apparent size 
greater than 1.5 times the beam size. The relative num- 
ber of apparently extended sources is due (at least in 
part) to bandwidth smearing, which can be a significant 
fraction of the beam size in parts of the 20 cm mosaic. 

Comparing the compact source catalogs, we find 33 
sources that are found in both the 6 and 20 cm catalogs 
and 60 sources found only in the 6 cm catalog. There are 
no sources found only in the 20 cm catalog in the region 
shared by both surveys. Tables [8] and [9] list the spectral 



see http : //www . atnf . csiro . au/ computing/sof tware/mir iad/ 
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indices (or limits) for sources found in both surveys and 
only the 6 cm survey, respectively. The integrated flux 
densities shown in Tables 5] and |5] are used to calculate 
the spectral indices. Lower limits on a are based on the 
3<7 upper limit on the 20 cm nondetection. The signif- 
icance limit for matching sources in the two catalogs is 
3cr. 

3.2.3. Positional Accuracy 

The absolute coordinate alignment of the compact 
source catalogs was tested by measuring the mean offset 
between compact radio sources unambiguously matched 
with existing catalogs. Since the source density is low, 
most sources with counterparts in existing surveys were 
unambiguous. Sources from the present 6 and 20 cm cat- 
alo gs wer e compare d to each other and to tho se of |Nord et 
al] |2004D, P aper I, |Lazio fe Cordes] fll998a} , and |Becker 
et~al.| ( |1994| . These catalogs were chosen for comparison 
because they have the highest resolutions and best sky 
coverage at these wavelengths. No significant offset was 
fo und between the present 6 and 20 cm catalogs and that 
of Lazio & Cordes ( 1998a I , which gave the smallest rms 
in the position differences of 0"36 for the 6 cm catalog (5 
sources), and 2 / .'2 for the 20 cm catalog (7 sources). These 
values are the best estimates of the absolute pointing ac- 
curacy of our catalogs. There was no significant offset 
between fifteen 20 cm sources matched to the catalog of 
(Paper I, only sources north of b ~ 0?1). Between the 6 
and 20 cm catalogs presented here, no significant offset 
was found, with (ARA,ADec) = (0"09±1'.'5,0"01±1"5) 
for 32 sources. There was a ~ la offset be tween the 
elev en 6 c m sources matched to the catalog of |Becker et| 
aD ( [19941 ), with offsets of (-0'.'3 1 ±0752 , 0"99±07 87) ; this 
offset is only marginally significant and is ignored. There 
was a significant RA offset between both the 6 and 2 
cm catalogs with the 90 cm catalog of 
The mean RA difference between the '. 



Nord et al.|fl2004 l 
-9 sources common 
between the present surveys catalog and the 90 cm cat- 
alog is iL4 20 ,6cm - -R^gocm = -4'.'74±2'.'82. This error 
is about twice th eir quoted astrometric accuracy (271; 
Nord et al.||2004[ ) an d has since been attributed to an 
error in "that catalog ( |Nord et al.||2004[ ). 



3.2.4. Consistency Between 20 cm catalog and Literature 

As a test of the accuracy of the flux densities in the 
source catalog, sources common with the catalog of Pa- 
per I were compared. The fifteen sources (only those 
north of b =0?1 were considered for simplicity) common 
to the two catalogs are shown in Table [10] The weighted 
mean offset for these two catalogs is —0.18 ± 0.94 mJy. 
No trend is evident in the distribution of flux density dif- 
ference for these sources; all sources are within 3 sigma 
of the linear trend. 
The 20 cm c a talog s hares 7 sources with that of 

That 
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Lazio & Cordes ( |1998a|) , as shown in Table 
work observed in the BnA configuration with a simi- 
lar sensitivity as the present 20 cm survey (0.5-2 mJy 
beam^ 1 ). The present survey had a mean frequency 
at 1425 MHz, compared to the two ba nds at 1658 and 
1281 MHz for |Lazio fc Cordes| ( |1998a[ ). The expecta- 
tion is that our fiux density measurement should fall 
near to the mean of their two measurements. This is 
true for the following sources, all of which have matching 
flux densities within 3ct: 359.076+0.547, 359.259±0.74, 



359.073+0.735, 359.388+0.460, 359.088+0.426. How- 
ever, excluding one source, 359.388+0.460, for having a 
source detection problem 8 , the flux de nsities presented 
here te nd to be higher than that of Lazio & Cordes 
(|1998a |). The average d i fferenc e between this survey and 



that of Lazio fc Cordes| ( |1998a[ ) is 20 mJy, which is much 
larger than the typical uncertainties of about 1 mJy. In 
particular, two sources, 0.305+0.394 and 359.872+0.178, 
are significantly brighte r in the present survey than in 
Lazio fc Cordes| (|1998a ) . The observations described in 
Lazio fc Cordes| ( |1998ap are less sensitive to exten ded 
sources and may resolve out some flux. Section |4.2 
describes the possibility that extragalactic sources seen 
through the GC region a re affected by electron scattering 
flLazio fc Cordesl[l998b l. 



3.2.5. Consistency Between 6 cm catalog and Literature 

As a consistency check, the flux densities of sources 
detected in both th e present 6 cm catalog and that of 
Becker et al. (19941 were compared. Becker et al.| ( 1994 1 
observed with the CnB array with a resolution of 4" for 
a typical sensitivity of 2.5mJy. That survey observed in 
a hexagonal pattern with neighboring pointings spaced 
by 10' with integration times of about 90 s. 

Table [T2| shows that, of the 13 sources detected in both 
surveys, the flux densiti es measured here ar e uniformly 
higher than that of the Becker et al. (19941. The typi- 
cal difference in flux densities for sources in both surveys 
is about 6 mJy, much larger than the ~mJy-sensitivity 
in the two surveys. We have considered several possible 
origins for this difference. Confusion, or source detection 
problems do not seem significant, since the peak bright- 
ness is similar to the integrated flux density and fit resid- 
uals are small compared to the source peak brightness, 
as expected for a good fit. To test for possible calibra- 
tion problems, one of the four days of 6 cm data was 
rcimaged in one field; the fluxes in that field were sim- 
ilar of those in using all the data. Both surveys used 
the same flux calibrator, 3C286, and list integrated flux 
densities corrected for primary beam attenuation. The 
sources are detected over a large area (~1°), so intrin- 
sic variability seems unlikely . Finally, one field from the 
survey of |Becker et al. ( 1994 1 was calibrated and imaged, 
confirming that the fiux density of sources in that field 
are equal to the flux density in their catalog. 

One possible explanation for the discrepancy is the dif- 
ference in integration times for the two surveys . The 



shorter integration times used by Becker et al. ( 1994 1 re- 
duces the sensitivity of the observations and may increase 
confusion that would bias the measured brightness. An- 
other possibility is that the surveys were conducted in 
different configurations of the VLA and have sensitivi- 
ties to em ission on different angular scales. Be cker e"t] 
al. ( 1994 1 imaged their data while excluding the shortest 
X< 90 m) baselines, which makes it insensitive to emis- 
sion on angular scales larger than ^120". The present 
survey was observed in a more compact configuration and 
included baselines as short as 30 m, so it is sensitive to 

8 The source detection of |Lazio fc Cordes] (|l998a[| shows this 
source to be unresolved at 1658 Mriz and highly resolved at 1281 
MHz. Considering that there is unlikely to be any difference in 
source structure over this narrow range of frequencies, this is likely 
an error in source detection, which makes the flux density unreli- 
able. 
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emission on angular scales up to ~400". 

3.2.6. Spectral Index Distribution Between 6, 20, and 90 era 

The distribution of spectral index of compact sources 
is shown in Figure |27| Sources with polarization are in- 
dicated with larger symbols. All 93 sources presented in 
this paper are detected at least at 6 cm, so they either 
have a measurement or a limit on ut,c an d appear in 
the figure. The brightest sources (Seem > 10 mJy) tend 
to have nonthermal spectral indices, but fainter sources 
have a typical index (or lower limit) near 0. These 
sources may be optically-thick, Gala ctic H II regions and 
are described in more detail in §4.2| 

shows the distribution of 0:20/90 as a func- 



2<s 



Figure 

tion of 2Cl cm flux dens ity for the fourteen 20 cm sources 
detected at 90 cm by |Nord et al.] ( |2004[ ). Most of the 
sources have 20/90 cm spectral indices between -0.3 to 
-0.8 for flux densities greater than 10 mJy. This range 
is flatter than the range of -0.6 to -1.2 observed in other 
90 cm-limited samples of spectral index (for a similar 



extra polated flux range |Gelfand et al.|[2004 Nord et al 



2004 1 . This range of spectral indices is typically domi 



nated by extragalactic sources like radio galaxies, as ha s 



been ar gued in the field of M31 ( |Gelfand et al.||2004 l 
Section 4.2.3| discusses the possibility that a scattering 
screen affects the source detection. 



Figures 27 and 28 show that all polarized, compact 
sources are among the brightest total intensity sources. 
Both 6 cm polarized sources have 20 cm total intensity 
counterparts, three sources are only polarized at 20 cm, 
and one source is polarized at both 20 cm and 6 cm. The 
source polar ized at 6 and 20 cm is G359. 388+0. 460. |Roy| 
et al. ( 2005 ) find the source has 3% polarization fraction 
at 8.5 GHz, which is similar to that observed here at 5 
GHz; the polarization fractions increase at longer wave- 
lengths with 3.6 ±0.8% at 6 cm (5 GHz) and 21.8 ±2.7% 
at 20 cm.f 



C omp aring our 6 and 20 cm catalogs to that of Nord et 



( 2004 1 finds 14 sources in common, as shown in Table 
T3J All 6 cm sources with 90 cm counterparts also have 
20 cm counterparts here. Note that the resolution of the 
90 cm survey (7"xl2") is almost identical to that of the 
surveys presented here, so the spectral indices should be 



fairly accurate. Figure 
the flux densities for t 



29] shows a more detailed look at 
le seven sources that have coun- 
terparts at 90, 20, and 6 cm. Most of them (5/7) have 
spectra steepening with increasing frequency, while one 
has a nearly constant spectral index, and one has a flat- 
tening spectrum. 

Of the pu lsars and pulsar candidates listed in |Nord| 
et al. (2004), only one is detected in the present surveys, 
mostly due to our smaller spatial coverage. This source is 
called 174020 291344 (a.k.a. "359.145+0.826"; Nord et 
al.|2004 l. The pulsar candidate has an estimated spectral 
inde x of 020/90 = — 1-4 by comparing 20 and 90 cm fluxes 



from Condon et al. (19981 and Nord et al. (20041, respec- 
tively. However, the 2TJcm flux density of 1747120-291344 
measured by the present survey implies a spectral index 
020/90 = —0.6 + 0.15. This value is significantly flat- 
ter than measured previously and is flatter than that ex- 
pected from typical radio pulsars (020/90 S —1-0; Manch- 
ester et al.||2005[ ). 

4. DISCUSSION 



4.1. Radio Filaments 
4.1.1. General Properties 

In total 15 radio filaments were detected in the present 
survey. Eight of the filaments were detected in images of 
linearly polarized emission, including three for the first 
time, thus confirming that they are NRFs. In general, 
the brightest filaments in total intensity are detected in 
polarized emission. The morphologies filaments with po- 
larized emission is also similar to that of the filaments 



with no detected polarized emission (Nord et al. 2004 



Paper I). These facts imply that number of confirmed 
NRFs is limited mostly by the sensitivity of polarized 
continuum observations. 

This survey found that most of the filaments are more 
complex than isolated, single threads. Of the fifteen de- 
tected here, six are grouped into pairs and four are com- 
posed of multiple parts. In fact, many high- resolution 
studi es of filaments generall y find complex morphologies 
(e.g., Liszt & Spiker 1995 Paper I). In general, there 
are three ways that filaments are grouped: (1) groups of 
parallel filaments, (2) single filaments that split at their 
ends, and (3) crossed filaments. 

The polarized emission from the NRFs generally cor- 
relates with the total intensity. In general, filaments ob- 
served here have a peak polarization fraction of at least 
30% at 6 cm. The theoretical prediction for synchrotron 
polarization fraction is 75% for a spectral inde x of -1 



(assuming S„ cx u a ; Rybicki & Lightman 1979), so the 



depolarization toward an NRF is typically about 60% at 
6 cm. Since bandwidth depolarization isn't expected to 
be strong, this depolarization must be caused by either 
beam depolarization or depth dep olarization ( jUyanikerj 
et al.||2003| |Haverkorn et al.||2004 l. 



4.1.2. Unusual Filaments 

The filament complex Nil (G359.64+0.30) has an un- 
usual 6/20cm spectral index. Most fila ments have 6/20 
cm spectral indices around -0.7 to -0.9 ( |Liszt fc Spiker 
1995 Lang et al. 1999a|b ), but few have fiat spectral 
indices (previo us known example s are GO. 2+0.0 and 
G3 59.96+ 0.09; |Yusef-Zadeh| Q1986I ); |Anantharamaiah et 
al. (1991)). This similarity is surprising because these ex- 
amples have different brightnesses (GO. 2+0.0 is roughly 
a factor of 100 brighter at 6 cm) and locations (found in 
and out of the Galactic plane) . Models for the generation 
of NRFs should account for the similar spectral indices 
of these complexes, despite their differences. Further- 
more, the flat spectrum of some filaments suggests that 
6 cm and shorter wavelength observations may find new 
filaments. 

RF-C16 is detected at 6 cm at Galactic latitudes up to 
0?75, making it the highest-latitude filament detected. 
RF-C16 and G358 85+0.47 (also known as "the Pelican" 
Lang et al. 1999a I are the furthest filaments from the 
GC with an otiset of about 1?4 or 200 pc, assuming a 
distance of 8 kpc. The total projected area covered by 
GC filaments and candidates ranges from I = 358.5 to 
+0.5 and b = —0.6 to +0.75 (Paper I), or equivalently 
a roughly circular region of radius 0?9, centered near 
(l,b)=(359.6,0). Assuming these filaments fill an equiv- 
alent 3-d space, the total volume occupied by filaments 
and candidates is roughly 10 7 pc~ 3 . If filaments require 
a minimum magnetic field strength to form, this volume 
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gives a lower limit to the total magnetic energy in the GC 
region of Eb > Ub * V = B 2 /8tt * V . Recent estimates 
for the large-scale mag netic field strength i n the central 
few degrees is ~ 10^G QLaRosa et aL|2005| ), which gives 
E B > 1.1 * 10 51 (B/I0f2iy ergs. 

4.1.3. Spatial Gradients in Spectral Index 

This survey uniformly studied many filaments at 6 and 
20 cm, so we have several new measurements of the 6/20 
cm spectral index. The typical spectral index for these 
filaments range from -0.5 to -0.9, but two filaments (Nl 
and Nllb) have spectral indices near 0. Five radio fila- 
ments (C7, C12, Nl, N2, and N8) have possible spatial 
gradients in their 6/20 cm spectral indices on arcminute 
scales, with index changes ranging from 0.4 to 0.7. Two 
filaments (C7 and C12) show rapid changes in the spec- 
tral index, changing from ~-0.7 to as one moves 
across the peak brightness of the filament. Perhaps co- 
incidentally, three filaments with significant inclinations 
east of Galactic north (C7, C12, and N8) have steeper 
indices toward their southeast ends. However, two fila- 
ments oriented roughly perpendicular to the plane (Nl 
and N2) tend to steepen toward the north. 

There are a few observational effects that could create a 
spatial gradient in a spectral index, although they cannot 
explain gradients seen in all of the filaments. Most biases 
and artifacts are strongest at the edge of each field, where 
bandwidth smearing is strongest and primary beam cor- 
rections are largest. However, the survey pointings were 
organized to reduce sensitivity variations to at most a 
factor of two between pointings. In the case of two fil- 
aments (C7 and C12), the spectral index change does 
not occur across a field edge. Bandwidth smearing to- 
ward filaments at 20 cm can be estimat ed from Figures 
18-1 and 18-2 of Bridle & Schwab (19991 and accounting 
for the relative orientation of the filament to the radial 
distance from the nearest phase center. Three filaments 
(Nl, N2, and C12) are oriented radially to their nearest 
20 cm field phase center, so smearing does not notica- 
bly reduce their peak brightness. Two other filaments 
(N8 and N10) are oriented perpendicular to the radial 
line from the nearest 20 cm field and their indices may 
be biased (see § 3.1.31. Comparing slice and integrated 



(La Rosa et al.||2000| |20 01| |Sofue et al 
|Spiker||l995[ |Lang et al 



1992 Liszt & 



Most previous stud- 



T999bJ 

ies of jNlRFs have found that the spectral index does not 
change across their lengths, but those source s are nearer 
to the Galactic plane than the present work (Lang et al 



1999b LaRosa et al. 



2000] [Liszt fc Spiker||Tgg5| ). if the 



observed spatial gradients in the indices are real, then 
these gradients seem to be more common away from the 
Galactic plane. This would be consistent with the steep- 
ening of the spectral index of GO. 2+0.0 (the Radio Arc) 
at high Galactic latitidues ( |Pohl fc Schlickeiser|1992[ ) and 
spati al gradient in the h igh-latitude [b ~ 0"4) filament 
N10 QLaRosa et aTpOOl] ). 

One interpretation for spatial gradients in a syn- 
chrotron spectral index is to attribute the changes to 



the r elative "age" of the plasma (e.g., Jaffe & Perola 



19731. Electrons with higher energies emit power more 
efficiently and cool more rapidly through a process called 
synchrotron cooling. Synchrotron cooling preferentially 
reduces the flux at higher frequenci es, breaking the spec 



trum at a frequency cx B-'H~ 2 QBlundell fc Rawlingsj 



2000 1 . Several filaments have been ob served with steeper 
^her frequencies QLang et al. | |1999b| 
'Yusef-Zadeh et al. 2006), which is 



spectral indices at h i 



LaRosa et al. 2001 



commonly attributed to synchrotron cooling of filament 
as a whole. This model can also explain the spectral in- 
dex spatial gradients if electrons propagate from a single 
acceleration region; the steeper spectral indices are inter- 
preted as being further from the acceleration region. For 
a 1 mG magnetic field and a spectral break between 6 
and 20 cm, synchrotron aging implies an age of 2 x 10 4 yr, 
which is consistent wit h estimates of the electron diffuse 
velocity in an N RF QLaRosa et al. 12001 1. 

Alternatively, LaRosa et al. ( 200l[ ) note that the spa- 
tial gradient in the filament spectral index may be a con- 
sequence of how a curved electron energy distribution 
emits in a spatially changing magnetic field. The ob- 
served frequency of synchrotron emission depends on the 
electron energy and magnetic field as v syn — cB 2 E e i, so 
electrons observed at a given frequency will have different 
implied energies if the magnetic field strength changes. 
A spatial gradient in the spectral index could indicate a 
weaker magnetic field, as follows: 5a — a c log{B\j B^), 
where a c is the curvature in the electron energy distri- 
bution, and B\ and B 2 are the magnetic field strengths 
across t he region where the spectra l index is observed to 
change ( Blundell & Rawlings 2000 1 . The observed spec- 
tral index changes in filaments show a trend to steepen 
from a ~ —0.5 to —1.5 for frequencies from 0.3 to 5 



GHz QLang et aL]|1999b| |LaRosa et "aLl|2001[). Using 



analysis of compact sources near the edge of the 20 cm 
primary beam covering Filaments C3, C6, C7, Cll, C12, 
and Nil shows that they are not significantly affected by 
bandwidth smearing. 

There have been several previous studies of the spa- 
tial and spectra l chan ges in the spectral index of NRFs of LaRosa et al 



the longest-wavelength spectral index as an reference, a 
change of Aa = — 1 from v = 0.3 to 5 GHz corresponds to 
a spectral curvature a c ~ 1.5. Assuming this curvature 
for the electron energy distribution and a spectral index 
spatial gradient across the filaments of 5a ~ 0.5 (similar 
to that seen here), the magnetic field strength across a 
filament falls by about a factor of two. Interestingly, in 
the case of two filaments (C7 and C12) there is a corre- 
lation between brightness changes and index changes; it 
is possible that these changes arc tied to changes in the 
structure of the NRF. Unfortunately, very few filaments 
have clear detections of spectral curvature, so this model 
h as not been tested out side of the present work and that 

pool I. 



4.2. Nature of Compact Sources 
4.2.1. Spectral Index and Polarization Properties 



Figure 27 shows that the 6/20 cm spectral index distri- 
bution follows the roughly bimod al distribution seen in 
other surveys QBecker et al.||199~4| ). Flat or positive ("in- 
verted") spectrum sources, with a^ c ^, 0-0 are likely to 



be H II regions or planetary nebulae (Giveon et al. 2005b 
Isaacman|1981 1 . Positive spectral indices are more likely 



to be optically-thick, thermal emission. A flat radio spec 
tral index is also observed toward pulsar win d nebulae 
QHelfand fc Becker|[l987l |Gelfand et al.||2005[) . Sources 
with a ss —0.6 are more likely to be FR 1 and FR II radio 
galaxies or supernova remnants (Fanaroff & Riley 1974 
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Gclfand et al.|2004 20051 



An optically-thin H II region in our Galaxy (within 
20 kpc) excited by a BO-type star or earlier would hav e 
^cm > 26 mJy and a^c = — 0.1 (Giveon et al. 2005a|. 



These values of flux density and spectral index corre- 
spond to a region of the plot in Figure [27] that is basically 
empty, so such objects are not expected in this survey. 
However, there are about two dozen sources with flux 
densities between 1 and 10 mJy and positive spectral in- 
dices, which would be expected for H II regions that are 
optically thick at 6 cm. Alternatively, planetary nebu- 
lae are expected to have a similar dist ribution of fluxe s 
and spectral indices as H II regions (Isaacman 19811, 
although they are m uch less numerous in the Galaxy 
( |Giveon et aL||2005a l. 

Only two sources presented here have spectral indices 
approaching v alues commonly ass ociated with pulsars, 
with a < —1.5 ( Lorimer et al.|1995| ; these are the sources 
at (17:40:33,-28:44:05) (between 90 and 20 cm; Tablcpl 
and at (17:43:03,-28:50:57) (between 20 and 6 cm; Table 
pi). Taking a higher index threshold of a < —1.0, includes 
ftvc more candidates, at (17:42:07,-29:18:51), (17:40:55- 
29:06:53), (17:42:10,-29:20:53), (17:43:20,-28:36:33) (at 
20 and 6 cm) and (17:41:49,-28:43:20) (at 90 and 20 
cm) . Steep radio continuum spectra can also be found in 
high-z radio galaxies and relic radio galaxies, where syn- 
chrotron aging steepens t he electron energy (and hence 
radio emission) spectrum ( Kaplan et al.|2000 Gelfand et 



al.| 20051) . HI absorption observations may help localize 
the source location and constrain its nature. 

There are significantly more compact sources polar- 
ized at 20 cm, (7, 3tr detections) as compared to 6 cm 
(2 detections). Both surveys have similar sensitivity to 
polarized emission, with typical errors in the integrated, 
polarized, compact flux density of 0.3 mJy beam -1 . For 
compact sources, depolarization is complete when Fara- 
day rotation rotates the polarization angle by 180°across 
the band (called "bandwidth depolarization"). Since de- 
polarization effects increase as A 2 and most sources have 
spectral indices flatter than -2, the naive expectation 
is that more polarized sources would be found at short 
wavelengths (for a given sensitivity). The detection of 
more 20 cm polarized sources suggests that the popula- 
tion of polarized sources must have a flux density that 
increases more rapidly than A 2 . This suggests that the 
sources have fairly steep, nonthermal spectra and/or an 
intrinsically increasing polarization fraction with increas- 
ing wavelength. As mentioned above, sources with ra- 
dio spectral indices steeper than -1.3 are often identified 
with "relic" radio galaxies, which have radio lobes with 
steep spectra due to synchrotron cooling of high radio fre- 
quency emission ( Gelfand et al.|[2005[ ). Pulsars are also 
known to have steep radio spectra and emit polarized 
radio continuum, so they may contribute to the compact 
polarized sources observed in this survey. 

4.2.2. Spatial Distribution 

There is no evidence for variation in the number den- 
sity of sources (thermal or nonthermal) over the range of 
Galactic latitudes covered in this survey, from I = 0?1- 
0?8. Considering that the scale heigh t of Galactic H II 
regions is 24'-28' ( Giveon et al.|2005b[ ), one might expect 
variation in the number density of sources with Galactic 
latitude, particularly flat- or inverted-spectrum (likely 



Galactic) sources. The number density of thermal, com- 
pact sources is about 37 per square degree, which is about 
twice the source density of all sources away f rom the 
Galactic plane (see Fig. 2 of Becker et al.|[l994 l. There- 
fore, many of the sources observed in the present sur- 
vey are Galactic. The uniform number density of these 
Galactic sources is more likely caused by changes in the 
survey's sensitivity with Galactic latitude. The 6 cm 
noise level near the Galactic plane is about four times 
higher than the typical 6 cm noise level because of con- 
fusion with sidelobes from Sgr A* and larger contribution 
of sky emission to the system temperature. 

4.2.3. Hyperstrong Scattering Affecting Flux Measurements? 

Comparing the flux densities of sources between vari- 
ous catalogs shows a trend for higher fluxes in the present 
survey. Since this is a statistical effect, it is unlikely to be 
caused by intrinsic variability. We can also rule out an- 
other common effect at GHz frequencies called refractive 
interstellar scintillation, which is cau sed by a turbulent 
motion of electron inho mogcncities ( Cordes fc Rickett] 
1998J |Gelfand et al.||2005[ ). The scintillation should only 
be visible when observed with band widths less than the 
correlation frequency, which is generally much smaller 
than our 50 MHz bandwidth ( |Lang||1971 1. 

Alternatively, the scattering of radiation by the ISM 
can also affect the apparent size of sources observed 
through the GC region. Multiwavelength observations 
of Sgr A* have seen the v~ 2 size dependence expected 
from strong scattering by variations in the electron den - 
sity along the propagati on path (e.g., |Davies et al.|1976 l. 
Lazio & Cordes ( 1998b I used the angular broadening of 
sources seen through the GC region to find a region of 
"hyperstrong" scattering in the central l-2°of the GC. 
Extragalactic radio sources seen through the central de- 
gree of the Galaxy are expected to be broadened by as 



much as 500" at 20 cm ( |van Langevelde et al. 1992 |Lazio 
fc Cordes|p98albl ), such that interferometers would not 



be sensitive to them. Since this is basically a geomet- 
ric effect, extragalactic sources suffer proportionately to 
their distance. This effect has been shown to bias against 
the detection of 20 and 90 cm compact sources in the cen 



tral degree of the GC QLazio fc Cordes|1998b 



Nord et al. 



20041. This "scattering bias" can also explain why the 



typical spectral index of sources detected at 90 and 20 
cm in the central degree of the GC region is significantly 
flatter than those found toward M31 and over a larger 
portion of the GC region. The 90 cm observations of 
the GC region are not sensitive to emission larger than 
^540", so most sources detected at 90 cm toward the 



scatterin g screen are located inside the galaxy (Nord et 
20041). If a scattering bias is affecting this data, then 



al 



sources most discrepant should be extragalactic. 

Hyperstrong scattering may als o al ter the fluxes of 
our compact source catalog. In § |3.2[ it was discussed 
how the 6 and 20 cm flux densities are generally higher 
than observed previously, in observations less sensitive 
to large-scale emission. The data used for the compact 
source detection is sensitive to e mission at the larges t an- 
gular scale of about 240 ", while Becker et al. (19941 and 
Lazio & Cordes (1998a I were sensitive to angular scales 
up to 120". Meanwhile, the interferometric observations 
of Paper I have multiple configurations and are sensi- 
tive to emission up to ~ 500", which could explain the 
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consistency between that and the present work. If these 
flux densities are discrepant because of scattering, the 
wavelength dependence of the scattering suggests that 
the spectral index measurements may be positively bi- 
ased, despite the fact that the observations have similar 
scnsitivies. However, more work is needed to show that 
scattering can significantly bias the observed flux densi- 
ties. 

5. CONCLUSIONS 

This paper presents the results of 6 and 20 cm, VLA 
radio continuum surveys of a roughly 1 square degree 
near the Galactic center. The observation was designed 
to have similar sensitivies at 6 and 20 cm to facilitate 
several spectral index studies. This feature of the survey 
allowed us to make new observations of the properties 
of the population of NRFs in the central degrees of the 
Galaxy. In total, three new NRFs were discovered by de- 
tecting their linearly polarized emission. Generally, the 
brightest filaments are found to be polarized, which sug- 
gests that the number of confirmed filaments is mostly 
limited by the sensitivity of the data. Noteworthy fila- 
ments include RF-C16, which extends the region occu- 
pied by the NRFs up to b — +0.75 and a radial distance 
of ^200 pc from Sgr A*. These observations also revealed 
an unusual, twisting NRF complex at 6 cm, providing us 
with a rare example of a flat-spectrum NRF. 



This work also finds evidence that some of the fila- 
ments observed in this survey have spatial gradients in 
their 6/20 cm spectral indices. After considering obser- 
vational biases, we conclude that some of these spatial 
gradients arc intrinsic to the filaments. Possible mod- 
els for these changes consider the effects of synchrotron 
cooling and changing magnetic field strengths. If the 
spatial gradients are caused by changing magnetic field 
strengths, they are consistent with magnetic fields chang- 
ing by roughly a factor of two over the filaments. How- 
ever, the present observations cannot exclude the syn- 
chrotron aging model for these gradients. Observations 
of these spectral index gradients over a wider range of 
frequencies would better constrain the models. 

Comparing the compact source fluxes between this and 
previous surveys suggests that electron scattering de- 
creases the apparent brightness of some sources, espe- 
cially for compact interferometers. If this is true, it would 
introduce a new bias in spectral index measurements, 
particularly for compact extragalactic sources. 
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6 and 20 cm Survey of Galactic Center 



TABLE 1 

Parameters for VLA Continuum Observations 



Parameter 


6 cm 


20 cm 


Dates 


June 2004 


January-August 2004 


Frequency 


4.85 GHz 


1.4 GHz 


Configuration 


DnC 


CnB, DnC, D 


Integration time per pointing 


~30 min 


~110 min 


Typical beam size 


12" x 8" 


ll"x8" 


Survey area 


0.8 sq. degrees 


2 sq. degrees 


Bandwidth 


2x50 MHz 


2x50 MHz 


uv sensitivity range 


0.1 to 30 kA 


0.4 to 30 kA 


Theoretical sensitivity 


0.03 mjy beam -1 


0.02 mjy beam -1 


Actual sensitivity 


0.08-0.5 mjy beam -1 


0.2-1.7 mjy beam -1 



TABLE 2 

Resolutions of Images in this Work 



Wavelength 


Stokes Parameters 


Resolution 


Purpose 


6 cm 


I 


~12" x8" 


Viewing fine structure 


20 cm 


I 


-11" x8" 


Viewing fine structure 


6 and 20 cm 


I 


14" x9" 


Mosaicking for compact source detection 


6 and 20 cm 


I 


~26" xl8" 


Feathering for extended source analysis 


6 cm 


Q, U 


~16" xl3" 


Polarized intensity and rotation measure analysis 


20 cm 


Q, U 


~ 11" x8" 


Polarized intensity and rotation measure analysis 



TABLE 3 
Radio Filaments Detected at 6 cm 



Identifier 






Length 










(l,b) 


Name" 


Common Name 


(arcmin) 


mjy beam -1 


mjy 


a LC 


Pol'd? 


G359.45-0.06 


CI 












N 


G359.54+0.18 


C3 


Ripple 


11 


18.0±0.5 


486.4±61.7 


-0.5 to -0.8 


Y 


G359.44+0.14 


C6 




2 


1.5±0.1 


6.9±1.4 




N 


G359.42+0.13 


C7 




3 


7.0+0.5 


28.2+8.3 


-0.7 to -1.1 


N 


G359.37+0.11 


Cll 




2 


1.0±0.02 


6.3+0.2 




N 


G359.36+0.10 


C12 




4 


4.0±0.2 


24.8+4.5 


-0.5 to -1.8 


Y c 


G359.21+0.54 


C16 




~ 10 


0.2+0.09 


0.6±6.5 


< -1.2 


N 


GO.15+0.23 


Nl 


Radio Arc 








+0.2 to -0.5 


yc 


GO.08+0.15 


N2 


Northern Thread 








-0.8 to -1.2 


Y 


G359.96+0.09 


N5 


Southern Thread 










Y 


G359.79+0.17 


N8 




9 


11.4±0.5 


226.7±24.8 


-0.9 to -1.3 


Y 


G359.85+0.39 


N10 




5 


0.9±0.1 


42.9±9.0 


-0.6 to -1.5 


Y 


G359.62+0.28 


Nlla 




4 


4.0±0.1 


104.8±6.2 


-0.1 to -0.3 


Y c 


G359.64+0.30 


Nllb 




8 


2.5±0.2 


62.0+17.8 


> -0.1 


N 


G359. 71+0.40 


N12 




~ 3 


0.4+0.06 


2.7+1.7 




N 



a Name from YHC04 b Peak and integrated flux density measured only for filaments that are completely covered by 
the 6 cm survey. First confirmation that this filament is an NRF. 
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TABLE 4 

Compact Sources in 6 cm Survey 
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0.13 


2.10 


0.22 
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1 (S 77 
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14 2 


Q 3 

y.o 


7Q 
/ y .u 
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1 ( .4Z.O / .ZU 
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-zy.u . .ou. / 


(S7 
U.U 1 


12 


7R 

U. rf O 


24 


1^0 
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Q Q 
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^fk 7 
OU. I 


1 7-A1-A1 AA 

t 1 .40.40.44 


-zy._Lo.u rf . 1 
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0.15 
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0.29 
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1 7-zL t 3-zL9 R*3 
1 l .40.4Z.00 
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1 11 


O 93 
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1 .00 


^ 
u.oo 


1 R R 
10. 


1 Q 

iu.y 


fil Q 

ui .y 


1 7-A9-AQ 90 
1 ( .4Z.4y .ZU 


90-07-9^ 9 
-zy.u . .zo.z 


70 

U. rf U 


12 


1 QQ 

i.yy 


44 


23 1 


1 ^ Q 
10. y 


^7 ^ 
01 .0 


1 7-zLI -AO 

1 ( .4_L .4Z .OO 


9R- c .Q-09 R 
-zo.oy.uz .0 


9 QO 
z.yu 


OQ 

u.uy 


3 09 
O.UZ 


n k 
u. 10 


14 4 


Q 
y .u 


71 Q 
( i.y 


i 7-A^-^fi OA 

1 ( .40.0U.U4 


-zy. _L4.oy .0 


2 64 


17 

U.ll 


1 Q7 

i.y 1 


9(S 
U.ZU 


12 


7 Q 
1 .y 


RR Q 

uo.y 


1 7-A9-^0 f\A 

t t .4Z.OU.U4 


-zy .uo. oy . i 


1.67 


0.10 


4.47 


0.35 


22.1 


15.9 


60.6 


1 7-41 0^ 

± 1 .4_L . OO .\JO 


9Q-01 -1 R 
-zy.U-L. J-O.u 


4.97 


0.07 


6.03 


0.15 


15.1 


10.4 


70.8 


1 7-A1-1A Rf> 

t 1 .40.04.0U 


9Q-1 ^-04 1 

Zc/. _L O. U4 . J. 


0.78 


0.14 


0.75 


0.25 


13.4 


9.3 


77.3 


1 7-zL^-l 1 R 

1 ( .40. 1U. lO 


9Q-1 9-1 A ^ 
-zy.iz. 14. 


19 99 


12 


90 7Q 

zu. 1 y 


21 


14 2 


Q 3 

y.o 


RQ 3 

uy .0 


1 7-AA-Vi ! \ 7fi 

-L t .44.UO. 1 U 


-zy.iy.00.0 


2.90 


0.34 


4.71 


0.77 


18.6 


10.2 


70.7 


17:43:37.41 


-29:16:36.9 


0.77 


0.20 


3.72 


1.05 


31.7 


18.1 


52.8 


17:44:09.04 


-29:21:33.3 


4.23 


0.61 


3.58 


0.97 


12.8 


8.4 


73.1 


17:41:23.09 


-29:01:04.2 


1.43 


0.12 


1.72 


0.24 


14.3 


11.4 


74.1 


17:42:38.84 


-29:12:18.0 


2.42 


0.11 


2.98 


0.22 


14.6 


11.3 


80.8 


17:43:02.02 


-29:15:49.1 


0.86 


0.12 


3.04 


0.56 


25.1 


18.7 


44.3 


17:43:53.40 


-29:23:30.2 


1.79 


0.32 


3.25 


0.85 


17.7 


13.7 


-87.7 


17:42:21.46 


-29:13:00.3 


39.43 


0.21 


41.16 


0.37 


14.3 


9.2 


71.1 


17:41:59.99 


-29:10:47.5 


4.28 


0.15 


4.17 


0.26 


13.8 


8.9 


67.7 


17:41:41.63 


-29:08:31.7 


1.94 


0.07 


2.43 


0.14 


15.1 


10.9 


66.7 


17:42:11.83 


-29:13:29.7 


18.93 


0.13 


19.05 


0.22 


14.0 


9.1 


69.3 


17:41:21.95 


-29:07:17.1 


0.52 


0.08 


0.49 


0.13 


14.1 


8.0 


64.0 


17:42:31.10 


-29:16:42.3 


19.80 


0.14 


23.02 


0.26 


15.1 


9.7 


69.3 
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6 and 20 cm Survey of Galactic Center 



TABLE 5 

Compact Sources in 20 cm Survey 



"R A 


Dec 


C 

Op 






'Si 


/i 

% 


/) 




(J2000) 


(J2000) 


T 1 — 1 

mjy beam 


rnjy beam 


mjy 


mjy 


arcscc 


arcsec 


degrees 


1 7*44-48 7fi 

J_ 1 .11.10 . I u 


98-98-1 4 Q 
zo.zo. j-i.y 


15.3 


0.6 


31.0 


1.8 


21.8 


11.7 


33.3 


1 7-44-4^ Q 1 ? 


98-^^-1 4 ^ 

-zo.oo. 11.0 


8 9 
o.z 


fi 
u.o 


u.y 


1 

-L .U 


1 ^ ^ 
10.0 


8 
o.u 


^.fi ^ 
ou.o 


1 7-44-40 89 

J_ ( .11.1U.OZ 


98-'3Q-^ c » fi 
-zo.oy.oo.u 


12.6 


0.6 


13.1 


1.2 


13.3 


9.9 


51.2 


1 7-44-9^ 01 

J. f .11. ZO.UX 


98-^8-^1 8 

-ZO.OO.O-L.O 


5.6 


0.6 


14.6 


2.1 


21.8 


15.2 


28.2 


1 7.44.I Q in 

1 ( .11. ly.iu 


98-41 -91 8 
-Z0.1-L.Z_L.O 


^ 7 
O. 1 


fi 
u.o 


4 ^ 
1.0 


1 


11 2 


8 fi 
o.u 


00. y 


1 7-4*3-4 c . 79 
1 . .10.10. 1 z 


-zo.oz.uu.u 


^ 4 
O.l 


fi 
u.o 


R 9 
u.z 


1 2 


1^8 
10.0 


10 4 


yo.o 


1 7-49-48 ^ 
1 . .1z.1o.00 


98-9^-98 4 
-zo.zo. ZO.I 


14 


(\ 

u.o 


25 2 


1 fi 

-L .O 


90 ^ 
zu.o 


11 1 


98 R 
zo.o 


1 7-49-3Q 71 
j. f .iz.oy . 1 J- 


98-41 -40 8 

ZO.I-L .iu . 


4 5a 


0.6 


4.5 


0.6 


14.0 


9.0 


60 


1 7-41 -98 (SO 

J_ f .1_L . ZO . UU 


-ZO.OU.UO.O 


5.2 a 


0.6 


5.2 


0.6 


14.0 


9.0 


60 


1 7-41 -1 Q Ofi 
j_ / .i_l . j. y . uu 


98-94-1 Q 7 
zo.zi.j_y. 1 


9.2 a 


0.6 


9.2 


0.6 


14.0 
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60 


1 7-41 -9fi 90 
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32.9 


0.6 


47.7 


1.4 


16.3 


11.2 
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44 6 




u.o 


1 00 1 
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1 Q 
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0.6 
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ZO.11. UU . -L 
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0.6 
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1 7-40-07 QQ 
j. t .iu.u / .yy 
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0.6 
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11.6 
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-zy.zu.uu.o 


9 8 
z.o 


4 
U.I 


49 1 


8 1 
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-zy.oz. 10.0 
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u.o 
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1 8 
-L .O 
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14 7 
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-zy.zy.iu . 
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R 

u.o 
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1 Q 7 


1 ^ Q 
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0.6 
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44.8 
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-ZO.OU.U-L .O 
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R 

u.o 


0.0 
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89.4 


1 7-44-0 c . 8fi 
J. 1 .11.uo.ou 
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0.6 


50.1 
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29.2 


25.8 
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1 7-44-0 c . 7fi 
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9Q-98-38 ^ 
-zy.zo.00.0 


11.3 


0.6 


48.4 
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25.7 


21.0 


30.1 
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0Q.QQ.n9 7 
-ZO.OO.UZ. ( 
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U.I 


R 
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ZU.O 


1 7 1 
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17:44:36.69 


-28:57:10.2 


79.9 


1.8 


171.8 


5.3 


26.3 


10.3 


82.1 


17:41:42.87 


-28:59:02.1 


4.1 


0.6 


2.9 


0.9 


11.5 


7.5 


67.0 


17:40:55.08 


-29:06:57.2 


5.0 


0.3 


18.6 


1.5 


34.9 


13.5 


155.7 


17:41:45.52 


-29:16:20.2 


3.4 


0.6 


8.0 


2.0 


21.1 


14.2 


92.4 


17:43:31.08 


-28:38:07.8 


5.0 


0.6 


18.0 


2.7 


26.2 


17.1 


93.0 


17:41:27.92 


-28:52:51.7 


8.2 


0.6 


17.1 


1.8 


18.3 


14.4 


52.0 


17:42:21.48 


-29:13:01.5 


64.7 


0.6 


104.0 


1.5 


16.4 


12.4 


40.0 


17:42:11.87 


-29:13:31.0 


19.1 


0.6 


28.5 


1.4 


14.5 


12.9 


35.0 


17:42:31.14 


-29:16:41.6 


16.6 


0.6 


23.4 


1.4 


16.9 


10.5 


61.0 


17:42:00.06 


-29:10:49.4 


5.1 


0.6 


9.3 


1.6 


17.3 


13.3 


159.0 


17:42:10.78 


-29:20:54.2 


3.8 


0.6 


5.7 


1.5 


17.0 


11.2 


61.0 


17:43:03.32 


-28:50:57.5 


6.6 


0.6 


13.7 


1.8 


17.2 


15.1 


144.0 


17:43:02.80 


-28:51:12.6 


5.7 


0.6 


8.6 


1.5 


14.7 


13.0 


2.0 



Note. — Sources have greater than 5<r peak brightness significance according to the AIPS SAD/JMFIT 
routines. Columns 1—2 give the position of the source in J2000 coordinates; columns 3-4 give the peak flux 
and its uncertainty; columns 5-6 give the integrated flux and its uncertainty; columns 7-9 give the major 
and minor axes of the source and its position angle. 

a Source parameters found by fixing the source size to the beam size of 14' 7 by 9". This assumption may 
result in the peak brightness being overestimated by about 50%. b Position angle increases to the east from 
celestial north. 



Law et al. 



TABLE 6 

Compact Sources with 6 cm Polarization 



RA 6 


Decg 


Si 


"Si 


pSi 


u pSi 


fpol 


"fpol 


(J2000) 


(J2000) 


mjy 


mjy 


mjy 


mjy 






17:40:55.28 


-29:10:25.1 


32.4 


0.5 


3.4 


0.3 


0.10 


0.01 


17:42:21.46 


-29:13:00.3 


41.2 


0.4 


1.5 


0.3 


0.04 


0.01 



Note. — Columns 1—2 give the position of the 6 cm source in 
J2000 coordinates; columns 3—4 give the integrated flux and its uncer- 
tainty; columns 5—6 give the integrated polarized flux and its uncertainty; 
columns 7—8 give the polarization fraction and its error. 



TABLE 7 

Point Sources with 20 cm Polarization 



RA20 


DeC20 






pSi 


a pSi 


fpol 


^ fpol 


(J2000) 


(J2000) 


mjy beam -1 


mjy beam -1 


mjy 


mjy 




17:41:26.20 


-28:53:30.0 


47.7 


1.4 


9.1 


2.2 


0.190 


0.045 


17:40:41.81 


-28:48:13.6 


100.1 


1.9 


3.8 a 


0.28 


0.038 


0.003 


17:40:07.99 


-28:42:4.5 


246.3 


3.1 


6.1 a 


0.28 


0.025 


0.001 


17:40:54.43 


-29:29:46.8 


102.1 


2.0 


24.8 


2.8 


0.243 


0.028 


17:42:21.48 


-29:13:1.5 


104.0 


1.5 


22.7 


2.8 


0.218 


0.027 


17:42:11.87 


-29:13:31.0 


28.5 


1.4 


1.6 a 


0.28 


0.056 


0.010 


17:42:31.14 


-29:16:41.6 


23.4 


1.4 


1.2 a 


0.28 


0.051 


0.012 



Note. — Columns 1—2 give the position of the 20 cm source in J2000 coordinates; columns 
3—4 give the integrated 20 cm flux and its uncertainty; columns 5—6 give the integrated 20 cm 
polarized flux and its uncertainty; columns 7-8 give the polarization fraction and its error. 
a Source parameters found by fixing the source size to the beam size of that field. 
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TABLE 8 

Compact Sources in both 6 and 20 cm Catalogs 



RA 6 


Decg 


RA 20 


Dec 2 o 


a a a a 


(J2000) 


(J2000) 


(J2000) 


(J2000) 





17:42 


:07 


.92 


-29: 


:18 


:51 


.9 


17:42 


:07 


.83 


-29 


:18 


48 


.0 


-1.1 


0.4 


17:40 


:31 


.41 


-29 


:20 


:19. 


.1 


17:40 


:31 


.36 


-29 


:20 


:19 


.1 


-0.1 


0.2 


17:40 


:55 


.27 


-29 


:06: 


:53 


.6 


17:40 


:55 


08 


-29 


:06 


:57 


.2 


-1.2 


0.2 


17:40 


:55 


.28 


-29: 


:10 


:25. 


.1 


17:40 


:55 


21 


-29 


:10 


:25 


4 


-0.22 


0.04 


17:41 


:30 


.70 


-29: 


:11 


:03 


.0 


17:41 


:30 


.68 


-29 


:11: 


:02 


.8 


-1.0 


0.1 


17:41 


:45 


.42 


-29 


:16 


:20 


.8 


17:41 


: 45 


52 


-29 


:16 


:20 


.2 


-0.3 


0.2 


17:41 


:59 


.99 


-29 


:10: 


:47. 


.5 


17:42 


:00 


.06 


-29 


:10 


:49 


.4 


-0.7 


0.2 


17:42 


:10 


.67 


-29 


:20 


:54 


.0 


17:42 


:10 


78 


-29 


:20 


:54 


2 


-1.1 


0.2 


17:42 


:31 


.10 


-29 


:16: 


:42 


.3 


17:42 


:31 


14 


-29 


:16 


:41 


.6 


-0.0 


0.1 


17:42 


:11 


.83 


-29: 


:13: 


:29. 


.7 


17:42 


:11 


.87 


-29 


:13 


:31 


.0 


-0.33 


0.04 


17:42 


:21 


.46 


-29: 


:13: 


:00 


3 


17:42 


:21 


.48 


-29 


:13 


:01 


.5 


-0.76 


0.01 


17:43 


:12 


.19 


-29 


:26: 


:03 


.7 


17:43 


:12 


.19 


-29 


:26 


:01 


.5 


0.4 


0.1 


17:43 


:10 


.18 


-29 


:12 


:14 


.5 


17:43 


:10 


11 


-29 


:12 


:13 


.2 


0.6 


0.1 


17:43 


:28 


88 


-29: 


:06 


:47. 


.2 


17:43 


:28 


87 


-29 


:06 


:46 


.4 


-0.61 


0.04 


17:44 


:37. 


.05 


-28 


:57 


:09 


.5 


17:44 


:36 


.69 


-28 


:57 


:10 


.2 


-0.94 


0.04 


17:43 


:14 


.13 


-28 


:56 


:01 


.6 


17:43 


:14 


.19 


-28 


:56 


:01 


.3 


-0.4 


0.3 


17:43 


:02 


.75 


-28 


:51 


:09 


.2 


17:43 


:02 


.80 


-28 


:51 


:12 


.6 


-0.5 


0.2 


17:43 


:03 


.46 


-28 


:50 


:55 


A 


17:43 


:03 


.32 


-28 


:50 


:57 


.5 


-1.5 


0.1 


17:42 


:39 


.65 


-28 


:41: 


:44 


.5 


17:42 


:39 


.71 


-28 


:41 


:40 


.8 


-0.7 


0.1 


17:41 


:53 


.05 


-29 


:01: 


:18 


.0 


17:41 


:52 


.99 


-29 


:01 


:16 


.6 


-0.0 


0.2 


17:41 


:42 


.85 


-28: 


:59. 


:02 


.8 


17:41 


:42 


.87 


-28 


:59 


:02 


.1 


0.0 


0.3 


17:42 


:08 


.61 


-28 


:55: 


:36 


.4 


17:42 


:08 


.49 


-28 


:55 


:36 


.0 


0.2 


0.1 


17:42 


:31 


.07 


-28 


:59: 


:45 


.9 


17:42 


:31 


,21 


-28 


:59 


:45 


.2 


0.3 


0.2 


17:41 


:26 


.16 


-28 


:53: 


:29 


.1 


17:41 


:26 


.20 


-28 


:53 


:30 


.0 


-0.85 


0.03 


17:43 


:31 


.22 


-28 


:38: 


:07 


.7 


17:43 


:31 


.08 


-28 


:38 


:07 


.8 


-0.9 


0.1 


17:43 


:20 


.50 


-28 


:36: 


:33 


.4 


17:43 


:20 


.64 


-28 


:36 


:32 


.2 


-1.3 


0.3 


17:43 


:45 


.58 


-28: 


:32: 


:05 


.9 


17:43 


:45 


.72 


-28 


:32 


:06 


.0 


0.5 


0.2 


17:44 


:18 


97 


-28: 


:41: 


:24 


.3 


17:44 


:19 


.10 


-28 


:41 


:21 


.8 


0.4 


0.2 


17:44 


:22 


.88 


-28 


:38: 


:51 


.2 


17:44 


:23 


.01 


-28 


:38 


:51 


.8 


-0.1 


0.1 


17:44 


:40 


.87 


-28 


:39: 


:56 


.2 


17:44 


:10 


.82 


-28 


:39 


:55 


.6 


0.3 


0.1 


17:44 


:45 


.92 


-28 


:35: 


:15 


.2 


17:44 


:45 


.93 


-28 


:35 


:14 


.3 


0.5 


0.1 


17:44 


:57 


.38 


-28 


:38: 


:02 


.3 


17:44 


:57 


.17 


-28 


:38 


:02 


.7 


-0.3 


0.1 


17:44 


:48 


.78 


-28 


:28: 


:13 


.2 


17:44 


:48 


.76 


-28 


:28 


:14 


.9 


-0.9 


0.1 



Note. — Comparing all sources with greater than 3er confidence ac- 
cording to the AIPS SAD/JMFIT routines. Columns 1-2 give the po- 
sition of the 6 cm source in J2000 coordinates; columns 3—4 give the 
position of the 20 cm source; columns 5—6 give the 6/20 cm spectral 
index from the integrated fluxes of the source and its uncertainty. 
a Assumes S u oc v a . 
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TABLE 9 

Compact Sources in 6 cm 
Catalog Only 



RA 6 


Decg 


min a a 


(J2000) 


(J2000) 





17:43 


:34 


26 


-28 


:30 


: 12 


6 


-0.6 


17:43 


11 


63 


-28 


:32 


:47, 


9 


-0.7 


17:43 


: 12 


47 


-28 


:33 


:28. 


1 


-0.2 


17:44 


:54. 


55 


-28 


:44 


:59. 


1 


-0.3 


17:44 


:31. 


06 


-28 


:47 


:16 


.4 


0.1 


17:43 


: 17. 


.70 


-28 


:41: 


:49. 


.4 


0.8 


17:43 


:39. 


.77 


-28 


:41 


:51. 


.7 


-0.7 


17:43 


:17. 


.04 


-28 


:43 


:01 


.7 


0.2 


17:43 


:22 


96 


-28 


:44: 


:52 


3 


-0.9 


17:43 


:12 


.35 


-28 


:44 


:33. 


.7 


-0.9 


17:43 


:10 


.12 


-28 


:45 


:17. 


3 


-1.4 


17:43 


23. 


.12 


-28 


:47 


:54, 


.0 


-0.5 


17:42 


:28. 


.74 


-28 


:41: 


:48. 


9 


-0.2 


17:42 


: 11. 


.73 


-28 


:45 


:48, 


7 


0.2 


17:42 


: 11. 


52 


-28 


:45 


:37, 


.7 


-0.0 


17:42 


:04. 


.91 


-28 


:42 


:10. 


.4 


0.4 


17:43 


:46. 


.90 


-28 


:57 


:05. 


4 


-0.6 


17:42 


:24 


.48 


-28 


:45 


:57. 


6 


-1.0 


17:43 


:05. 


48 


-28 


:52 


:21. 


9 


-0.3 


17:43 


:45. 


60 


-28 


:58 


:56. 


5 


-0.2 


17:42 


Al. 


.90 


-28 


:50 


:55 


3 


-0.9 


17:44 


02 


.60 


-29 


:02 


:14. 





0.3 


17:43 


:54. 


72 


-29 


:01 


:32 


.4 


-0.6 


17:43 


12. 


56 


-29 


;01 


:33 


.7 


0.7 


17:43 


12. 


79 


-29 


:02 


:26 


6 


0.3 


17:42 


:23. 


78 


-28 


:52 


:48. 


.4 


0.6 


17:42 


:13. 


82 


-28 


:52 


:10. 


.8 


-0.1 


17:42 


: 12 


65 


-28 


:52 


:04 


.8 


-0.2 


17:43 


:17. 


.04 


-29 


:02 


:12 


3 


-0.2 


17:42 


:06. 


93 


-28 


:54 


:03. 


3 


0.3 


17:42 


53 


.59 


-29 


;00 


:53 


9 


-0.1 


17:42 


03 


.50 


-28 


:55 


:05 


.0 


0.1 


17:43 


:39. 


27 


-29 


:09 


:07. 


8 


0.3 


17:42 


11 


.76 


-29 


:02 


:10 


.2 


0.4 


17:42 


57. 


.26 


-29 


:07 


:30 


.7 


-0.5 


17:43 


:43, 


.44 


-29 


:13 


:57. 


7 


-0.5 


17:43 


:42. 


.83 


-29 


:14 


:33 


.8 


-0.5 


17:42 


19 


.20 


-29 


:07 


:25 


2 


0.3 


17:43 


:36. 


.04 


-29 


:14: 


:39. 


5 


-0.4 


17:42 


:30. 


.64 


-29 


:05 


:59. 


.7 


1.0 


17:43 


:34 


.86 


-29 


:15 


:04 


1 


-1.1 


17:44 


:03 


76 


-29 


:19 


:53 


3 


-0.1 


17:43 


:37. 


.41 


-29 


:16 


:36. 


9 


0.2 


17:44 


:09. 


.04 


-29 


:21 


:33 


.3 


-0.2 


17:41 


:23. 


.09 


-29 


:01 


:04 


.2 


0.4 


17:42 


:38. 


.84 


-29 


:12 


:18. 





0.9 


17:43 


:02. 


.02 


-29 


:15 


:49. 


1 


0.4 


17:43 


:53 


.40 


-29 


:23 


:30 


.2 


1.3 


17:41 


Al. 


.63 


-29 


:08 


:31. 


.7 


0.8 


17:41 


■21. 


.95 


-29 


:07 


:17. 


1 


-0.7 


17:43 


AO. 


56 


-29 


:27 


:09 


.5 


-0.8 


17:43 


Al. 


.00 


-29 


:28 


Al. 


1 


0.1 


17:43 


:02. 


31 


-29 


:23 


Al. 


3 


-0.2 


17:41 


:24. 


.27 


-29 


:10 


:52. 


6 


1.6 


17:42 


:53 


.79 


-29 


:24 


:57. 


.0 


0.5 


17:41 


:07. 


57 


-29 


:10 


:35. 


2 


0.6 


17:43 


:09. 


33 


-29 


:28 


:58. 


2 


-0.4 


17:43 


10 


.20 


-29 


:29 


:52. 


.0 


-0.2 


17:41 


:02. 


20 


-29 


:12 


:33. 


2 


0.7 


17:41 


:28. 


.40 


-29 


:16 


:34 


3 


0.5 



Note. — Columns 1-2 give the po- 
sition of the 6 cm source in J2000 co- 
ordinates; column 3 gives the limit on 
the 6/20 cm spectral index. 
a Assumes S v oc v a . 
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TABLE 10 

20 cm Sources Matching the Catalog of YHC04 with b >0? 1 



RA 20 


Dec 2 o 


Sf erg. Previous Name 


S 




(J2000) 


(J2000) 


mjy mjy 


mjy 


mjy 



17:44 


:10 


.82 


-28 


:39: 


:55 


.6 


13.1 


1 


.2 


G0.12+0.32 


17.0 


2 


.8 


17:44 


:19 


.10 


-28 


:41: 


:21 


.8 


4.3 





.9 


G0.06+0.37 


4.8 


1 


.5 


17:44 


:36 


.69 


-28 


:57 


:10 


.2 


171.8 


5 


.3 


G359.87- 


h0.18 


153.7 


1 


.9 


17:43 


:12 


.19 


-29 


:26 


:01 


.5 


14.2 


1 


.6 


G359.29- 


h0.19 


17.8 


1 


.8 


17:43 


:28 


.87 


-29 


:06: 


:46 


.1 


45.8 


2 


.0 


G359.60- 


i-0.31 


55.2 


2 


.9 


17:43 


:10 


.11 


-29 


:12 


:13 


.2 


17.1 


2 


,1 


G359.49- 


h0.32 


9.6 


1 


.7 


17:42 


:31 


.14 


-29 


:16 


:41 


.6 


23.4 


1 


,1 


G359.35- 


h0.40 


22.5 


2 


.0 


17:42 


:10 


.78 


-29 


:20 


:54 


.2 


5.7 


1 


.5 


G359.26- 


^0.42 


5.0 


2 


.0 


17:42 


:21 


.48 


-29 


:13 


:01 


.5 


104.0 


1 


.5 


G359.39- 


h0.46 


102.0 


1 


.8 


17:42 


■11 


.87 


-29 


:13 


:31 


.0 


28.5 


1 


,1 


G359.36- 


h0.49 


32.2 


1 


.9 


17:41 


:45 


.52 


-29 


:16: 


:20 


.2 


8.0 


2 


.0 


G359.27- 


h0.54 


8.5 


2 


.1 


17:40 


:54 


,13 


-29 


:29 


:46 


.8 


102.1 


2 


.0 


G358.98- 


h0.58 


103.3 


2 


.1 


17:41 


:30 


.68 


-29 


:11 


:02 


.8 


19.4 


2 


.0 


G359.32- 


h0.63 


20.1 


2 


.0 


17:40 


:55 


.21 


-29 


:10 


:25 


.4 


42.4 


1 


.8 


G359.26- 


h0.75 


33.8 


2 


.2 


17:42 


:00 


.06 


-29 


:10 


:49 


.4 


9.3 


1 


.6 


G359.38- 


^0.55 


14.1 


2 


.0 



Note. — Columns 1—2 give the position of the 20 cm source in J2000 coordi- 
nates; columns 3—4 give the integrated 20 cm flux and its uncertainty; column 
5 gives the name of the source in the survey of YHC04; columns 6-7 give the 
integrated 20 cm flux measured by YHC04 and its uncertainty. 



TABLE 11 

20 cm Sources Matching the Catalog of |Lazio Cordes] ( 11998a] } 



RA20 


Dec20 


Si 


erg. Previous Name 


<S;i658 


S'il281 


(J2000) 


(J2000) 


mjy 


mjy 


mjy 


mjy 



17:41:16.05 


-29:26:06.7 


3.1 


0.8 


359.076+0.547 


2.7 


2.9 


17:44:48.76 


-28:28:14.9 


31.1 


1.8 


0.305+0.394 


9.4 


12.8 


17:40:55.21 


-29:10:25.4 


42.4 


1.8 


359.259+0.749 


36.5 


39.4 


17:40:31.36 


-29:20:19.1 


6.0 


1.2 


359.073+0.735 


5.3 


4.3 


17:44:36.69 


-28:57:10.2 


171.8 


5.3 


359.872+0.178 


83.1 


81.2 


17:42:21.48 


-29:13:01.5 


104.0 


1.5 


359.388+0.460 


60.6 


155.8 


17:41:46.04 


-29:29:16.3 


9.0 


2.3 


359.088+0.426 


5.0 


3.6 



Note. — Columns 1—2 give the position of the 20 cm source in J2000 coordi- 
nates; columns 3—4 give the integrated 20 c m flux and its uncertai nty; column 5 
gives the name of the source in the survey of lLazio &; Cordes! dl998a||; columns 6—7 
give the integrated fluxes measured in two bands near 20 cm by jLazio fc Cordes| 
< |1998a| |. 
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TABLE 12 

6 cm Sources Matching the C atalog of Becker et al.I 



RA 6 


Dec6 




Si6 


°"S i6 
mjy 


Previous Name 


5, 


(J2000) 


(J2000) 




mjy 




mjy 


17:44:48.78 


-28:28:13 


2 


10.9 


0.7 


0.306+0.394 


6.8 


17:44:45.91 


-28:35:15 


2 


12.7 


0.3 


0.201+0.342 


5.2 


17:44:57.38 


-28:38:02 


3 


12.7 


0.7 


0.185+0.282 


4.5 


17:44:40.87 


-28:39:56 


2 


19.2 


0.5 


0.127+0.317 


13.6 


17:44:18.97 


-28:41:24 


3 


6.8 


0.2 


0.059+0.372 


5.9 


17:44:37.05 


-28:57:09 


5 


54.1 


2.4 


359.873+0.178 


37.2 


17:43:28.88 a 


-29:06:47 


5 


21.4 


0.3 


359.606+0.305 


7.6 


17:43:28.88 a 


-29:06:47 


5 


21.4 


0.3 


359.604+0.307 


3.3 


17:43:10.18 


-29:12:14 


5 


20.8 


0.2 


359.491+0.316 


10.1 


17:42:31.10 


-29:16:42 


3 


23.0 


0.3 


359.354+0.398 


17.4 


17:43:12.19 


-29:26:03 


7 


23.6 


0.4 


359.299+0.189 


17.9 


17:43:09.33 


-29:28:58 


2 


2.4 


0.3 


359.253+0.172 


1.4 


17:43:10.20 


-29:29:52 





4.0 


0.8 


359.242+0.162 


1.5 



Note. — Columns 1—2 give the position of the 6 cm source in J2000 
coordinates; columns 3—4 give the integrated 6 cm flux and its uncer- 
tai nty; co lumn 5 gives the name of the source in the survey of |Becker et 
al.Ml994||; column 6 gives the integrated 6 cm flux measured by Becker 
et al.|fife4[ . 

a Two sources inlBecker et al.Ml994[ are unresolved here. 



TABLE 13 

Spectral Indices for Sources in the Catalog of INord et I 
al.| ( |2004| | 



RA 2 Dec 2 "20/90 °"Q 20/90 "6/20 °"a 6/20 

(J2000) (J2000) 



17:44:48.755 


-28:28:14.85 


0.33 


0.06 





85 





07 


17:42:48.347 


-28:25:28.35 


0.77 


0.07 










17:41:49.359 


-28:43:20.45 


1.22 


0.36 










17:41:26.196 


-28:53:30.04 


0.31 


0.08 





85 





03 


17:40:41.808 


-28:48:13.61 


0.62 


0.03 










17:40:33.419 


-28:44:05.08 


1.53 


0.20 










17:40:07.992 


-28:42:04.50 


0.12 


0.03 










17:40:20.487 


-29:13:44.37 


0.66 


0.15 










17:40:54.433 


-29:29:46.78 


0.32 


0.02 










17:43:28.869 


-29:06:46.42 


0.83 


0.04 





61 





04 


17:44:36.688 


-28:57:10.19 


0.74 


0.03 





94 





04 


17:42:21.477 


-29:13:01.49 


-0.20 


0.12 





76 





01 


17:43:03.318 


-28:50:57.45 


0.08 


0.25 


1 


50 





14 


17:43:02.797 


-28:51:12.56 


0.40 


0.26 





54 





15 



Note. — Columns 1—2 give the position of the 20 cm source in 
J2000 coordinates; columns 3-4 give the 20/90 cm spectral index and 
its uncertainty; columns 5—6 give the 6/20 cm spectral index and its 
uncertainty. 
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0.800 
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Fig. 1. — Top: The coverage of the 6 cm, DnC-config VLA observations are shown in white circles. The circles show the 42 pointings 
arranged in a hexagonal pattern with sizes representing the half-power of the primary beam of 9'. A hexagonal pattern is used because it 
is efficient at covering an area with a circular beam and makes the sensitivity relatively uniform; the sensitivity varied by about a f actor of 
two across the inner part of this survey. The gray scale shows a 6 cm, GBT continuum survey of the region, described in detail in |Law et] 
|al.| | |2008a[ ) . Field numbers show the order of observation. Bottom: Same as the top panel, but the circles show the locations of the seven, 
ZU cm, UnB-config pointings. The sizes of the circles correspond to the half-power of the primary beam size of 30'. 
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0.200 



0.000 



359.800 



359.600 



359.400 



359.200 



Fig. 2. — Top: Mosaic of 42, 6 cm VLA fields with Galactic coordinates. Contours show flux density levels at 0.5 * 2™ mjy per 14" x9"- 
beam, with n = — 7. One a noise values in the mosaic image are typically about 0.1 mjy/beam, but range from 0.08 mjy beam -1 (far 
from Sgr A*) to 0.5 mjy beam -1 (near Sgr A*), as compared to a theoretical value of 0.03 mjy beam -1 . The noise in the Q and U images 
were estimated by looking at the standard deviation outside of the primary beam. The Q and U images have noise levels ranging from 
50 to 120 £tjy (highest values near Sgr A*), which is a few times higher than the theoretical noise level of 30 /ijy. Bottom: Same data 
as above, but feathered with 6 cm GBT observations of the region and convolved to a beam size of 26"xl8". Contours show flux density 
levels of 1, 3, 5, 10, 15, 20, 25, 30, and 40 mjy beam -1 . This image is used in the comparison of 6 and 20 cm fluxes of extended sources 
with slice analysis. 
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saws** 




0.500 



359.000 



Fig. 3. — Top Mosaic of the seven, 20 cm VLA fields with Galactic coordinates. Contours show flux density levels at 2 * 2" mjy per 
f4"x9"-beam, with n = — 7. Noise values for fields 1-7 are 0.8, 1.2, 0.6, 0.2, 0.5, 1.7, and 0.3 mjy/beam, respectively, as compared to 
a theoretical value of 0.02 mjy beam -1 . Bottom: Same data as above, but feathered with 20 cm, GBT observations of the region and 
convolved to a beam size of 26"xl8". Contours show flux density levels of 25, 50, 75, 100, 200, 400, 800, 1600, and 3200 mjy beam" 1 . 
This image is used in the comparison of 6 and 20 cm fluxes of extended sources with slice analysis. 
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Fig. 4. — Top: Mosaic showing the 6 cm, polarized continuum tow ard t he GC region. The mosaic has a resolution of 15"5xl3". Methods 
used to create this mosaic (and associated caveats) are described in j ]2.4| Bottom: Same as the top panel, but showing the 20 cm, polarized 
continuum mosaic. The mosaic has a typical rcsoultion of ll'.'5x8". 
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Fig. 5. — Schematic of the NRFs and other major features of the GC region. Each NRF detected at 6 cm is labeled in the figure. The 
outline of the radio continuum emission from the GCL is shown in blue. The extent of the 6 cm survey region is shown with the enclosed 
dashed region, while the Galactic plane is shown with a dashed line. 
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6/20 cm Spectral Index for RF-N10 




-l-fi r. 

l 2 3 4 

Offset from southern glice (grcrmn] 



Fig. 6. — Top left: High-resolution, VLA-only image of the N10 radio filament at 6 cm. The image has a resolution of 15" X 8" and 
contour levels at 0.4, 0.6, and 0.8 mjy beam -1 . Top right: Feathered, 6 cm image of the region, convolved to the resolution of the 20 
cm feathered image of 26"xl8". The lines show the positions of slices across the 6 and 20 cm images for the spectral index study. The 
measured value and error of ct^^o ' s shown near each slice. Bottom: Spectral index measured for each slice shown in the right image. The 
thick slice in the right image shows the southernmost slice, which measures the spectral index at the origin of the plot at (l,b) = (359?851, 
0?336); other measurements arc along a line oriented 2°East of Galactic North. 



6 and 20 cm Survey of Galactic Center 



29 
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RF-N10 (G359.85+0.39) for brightnesses ranging from -1 to 5 mjy 
0.7 mjy beam . Right: Image of the same region with the vectors 
Vectors are shown for regions with polarized intensity brighter than 
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Fig. 8. — Same as Figure[6] but for the C3 radio filament. Contours levels are at 1, 2, 4, and 8 mjy beam - 
a beamsize of 15"xl0". The bottom plot shows the 6 and 20 cm flux densities (labeled by their band names 
with their spectral index as measured by a single slice along the long axis of the filament. The plot shows the spectral index at each point 
along the filament, starting from the southern end of the slice. The slice begins at (l,b) = (3599571, 0?106) and is oriented at 342°East 
of Galactic North. The best-fit, first-order polynomial background is shown with a dashed line for both flux slices. The background is fit 
ignoring the portion of the slice labeled "source" . 




Fig. 9. — Left: Gray scale shows the 6cm polarized intensity from RF-C3 (G359.54+0.18) for brightnesses ranging from -1 to 5 mjy 
beam -1 . The contours show 6 cm total intensity at levels of 0.5 * 2 n mjy beam -1 , for n = — 5. Right: Image of the same region with 
the vectors showing the 6 cm polarization angle averaged over the 100 MHz band. Vectors are shown for regions with polarized intensity 
brighter than 0.2 mjy beam -1 . 
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Fig. 10. — Same as Figure km but for the C6 and C7 radio filaments. Contour levels are at 1, 2, and 4 mjy per 15"x 10"-beam. The 
C11/C12 filament complex is also seen in the southwest of the image. The plot shows the 6 and 20 cm flux densities (labeled by their band 
names, "C" and "L", respectively) with their spectral index as a function of position along the length of the filament; the slice starts at 
(l,b) = (359?455, 0?124) and is oriented 285°East of Galactic North. 
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Fig. 11. — Same as Figurelm but for the Cll and C12 radio filaments. Contour levels are at 0.5, 1, and 2 mjy per 15"x 10"-beam. The 
plot shows the 6 and 20 cm mix densities (labeled by their band names, "C" and "L" , respectively) with their spectral index as a function 
of position from the southern end of the filament, starting at (l,b) = (359?388, 0?083), along a line oriented 298°East of Galactic North. 




Fig. 12. — Left: Gray scale shows the 6cm polarized intensity from RF-C12 (G359.36+0.10) for brightnesses ranging from -1 to 5 mjy 
beam -1 . The contours show 6 cm total intensity at levels of 0.25 * 2 n mjy beam - 1 , for n = — 3. Right: Image of the same region with 
the vectors showing the 6 cm polarization angle averaged over the 100 MHz band. Vectors are shown for regions with polarized intensity 
brighter than 0.2 mjy beam - 1 . 




Fig. 13. — The left image shows a high-resolution, 20 cm image around the C16 radio filament. The 20 cm contour levels are at 0.3, 0.6, 
and 0.9 mjy per 14"x9"-bcam. 
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Fig. 14. — Same as Figure [6] but for the Nl radio filament. The H II region GO. 17+0. 15 is visible at the bottom of the images. The 
contour levels are at 1, 2, and 3 mjy per 15" X 10"-beam. The thick slice in the right image shows the southernmost slice, which is also the 
origin of the plot, at (l,b) = (0?152, 0?166); the spectral index is measured along a line oriented 357°East of Galactic North. 
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Fig. 15. — Left: Gray scale shows the 6cm polarized intensity from RF-N1 (GO. 15+0. 23) for brightnesses ranging from -1 to 5 mjy 
beam -1 . The contours show 6 cm total intensity at levels of 1, 2, and 4 mjy beam" 1 . Right: Image of the same region with the vectors 
showing the 6 cm polarization angle averaged over the 100 MHz band. Vectors are shown for regions with polarized intensity brighter than 
1 mjy beam" 1 . 
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Fig. 16. — Same as Figure [6] but for the N2 radio filament. The left image shows 20 cm brightness with contours levels at 5, 10, and 
20 mjy per 14"x9"-beam. The thick slice in the right image shows the southernmost slice, which is also the origin of the plot, at (l,b) = 
0?084, 0?152); the spectral index is measured along a line oriented 14°East of Galactic North. 
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Fig. 17. — Same as Figurejfi] but for the N8 radio filament. The left image has contour levels at 0.5, 1, 2, 4, and 8 mjy per 15" X 10"-beam. 
The thick slice in the right image shows the southernmost slice, which is also the origin of the plot, at (l,b) = (359?808,0?148); the spectral 
index is measured along a line oriented 315°East of Galactic North. 
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Fig. 18. — Left: Gray scale shows the 6cm polarized intensity from RF-N8 (G359.79+0.17) for brightnesses ranging from -1 to 5 mjy 
beam . The contours show 6 cm total intensity at levels of 0.5 * 2™ mjy beam , for n = — 4. Right: Image of the same region with 
the vectors showing the 6 cm polarization angle averaged over the 100 MHz band. Vectors are shown for regions with polarized intensity 
brighter than 0.2 mjy beam . 
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Fig. 19. — Same as Figure |6] but for the Nil radio filament. The left image has contour levels at 0.5, 1, 2, and 3 mjy per 15" X 10"-beam. 
The thick slice in the right image shows the southernmost slice, which is also the origin of the plot, at (l,b) = (359?640,0?264); the spectral 
index is measured along a line oriented 3°East of Galactic North. 
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Fig. 20. — Left: Gray scale shows the 6cm polarized intensity from RF-N11 (G359.62+0.28) for brightnesses ranging from -1 to 5 mjy 
beam -1 . The contours show 6 cm total intensity at levels of 0.5, 1, and 2 mjy beam -1 . Right: Image of the same region with the vectors 
showing the 6 cm polarization angle averaged over the 100 MHz band. Vectors are shown for regions with polarized intensity brighter than 
0.2 mjy beam -1 . 
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Fig. 21.— Same as Figure^ but for G359.66+0.65. Contour levels are at 0.25, 0.5, 1, 2, and 4 mjy per 15" X 10"-beam. The plot origin 
is at (l,b) = (359?681, 0? 648)1 and it is oriented 295°East of Galactic North. 
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Fig. 26. — The distribution of compact sources given in Tables g]j5]|6] and[7] are shown against the 20 cm mosaic. Crosses and diamonds 
show 6 and 20 cm sources, respectively; larger symbols show polarizea compact sources. Contour levels are at 0.02, 0.04, 0.08, 0.16, 0.32, 
0.64 Jy/beam. 
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Fig. 27. — A flux-spectral index diagram for compact sources detected at 6 and 20 cm. Lower limits to the spectral index are shown 
with arrows. The two sources polarized at 6 cm are shown with crosses and the four 6/20 cm sources with 20 cm polarization are shown 
with diamonds. 
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Fig. 28. — A flux-spectral index diagram for the fourteen 20 cm sources with 90 cm counterparts in |Nord et ah] p004\ . The five, 20/90 
cm sources with 20 cm polarization are shown with diamonds and the one source polarized at 6 cm is shown with a cross. 
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Fig. 29. — Plots of flux density d istribution for seven sources that have 90, 20, and 6 cm flux densities measured. Small diamonds show 
fluxes from |Lazio fc Cordcs (f998a|, where available, and large stars show sources that have linear polarization here. 



